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362 EXCURSION TO THE ISLE OF WIGHT, WHITSUNTIDE, 1906. 



Directors : THE PRESIDENT, ROBERT S. HERRIKS, M.A., V.P.G.S., AND 

Reg. W. Hooley, F.G.S. 
(^Report by Rec^W. Hoolev.) 

In spite of the late return home the previous night the party were 
early astir. Ryde Station was left by the 8.22 a.m. train, and 
Freshwater Station reached by 9.37 a.m. The journey to Alum 
Bay was made on foot On reaching Alum Bay the end of the 
pier was sought, for it is the only spot, without taking a boat, 
where a good general view of the section from the Chalk to the 
Bern bridge Limestone is obtained. Here the Directors explained 
the geology and the points to be particularly studied that day. 
It was decided to examine the strata in ascending order ; 
a move was therefore made along the beach to the Chalk. 
The dip of the Chalk here is about 80 degrees to the north. 
It is the Upper Chalk with flints. As is the case in other parts 
of the Island where the Chalk is greatly inclined the flints, some 
of them of great size, may be observed completely shattered, but 
held together by the mass of Chalk surrounding them, so that on 
freeing them they fall to pieces. Some are in their centres almost 
pulverised. This fracturing has been caused by the force that 
upheaved the whole. Mr. Geo. W. Young here made some 
interesting remarks in regard to the Chalk, particularly pointing 
out that the whole of the cliff" face from this spot to the Needles 
was in the zone of Belemnitella mucronata^ and largely coincided 
with the dip in the beds. 

The face of the Chalk upon which the Woolwich and Reading 
Beds had been lying was splendidly exposed. Many potholes 
were to be seen filled with sand, clay, and rolled pebbles, and 
near the top of the cliff" a fresh denuded surface showed rounded 
bosses of Chalk, worn thus by the play of water around them, as 
is to be seen on any shore between high and low water mark, or, 
for instance, on the hard " platina " of the Wealden Beds in 
Brighstone or Brook Bay. At the base of the Woolwich and 
Reading Beds a layer of rolled flint pebbles occurs. No green- 
coated flints are found here. Mr. Whitaker said that this was 
diff"erent to any other junction of these strata he had examined. 
The Woolwich and Reading and London Clay Beds were then 
investigated. No fossils in the former, but in the latter 
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JPtrina affinis^ Fetunculus brevirostris^ and others were found. 
In the upper part of the cliff the reversed dip of the beds was 
noticed ; in the lower portion they are vertical. 

The pipeclay in the Lower Bagshot Beds, which has yielded 
numerous perfect leaves of tropical plants, and which was known 
to Mantell, was described by the Directors Although for many 
years it has been badly exposed, and poor specimens obtained, 
it is now prominent, standing well out from the sandy beds on 
either side of it. After splitting asunder several lumps, a fine 
leaf of Ficus and also portions of Laurus^ Quercus and others 
were discovered. Passing the Bournemouth Freshwater Series 
of Gardner, the Bracklesham ^eds were reached. The coal or 
lignite seams with the under-clay in which the vegetation grew 
afforded much interest. Several bands from one to two feet in 
thickness were examined. Another bed splendidly exposed was 
the pebble conglomerate in the Bracklesham Beds, through the 
denudation of the white and yellow sands underlying them in 
time. Some of the pebbles are nearly a foot in length and all 
lie with their longer axes parallel with the lines of bedding. 
Running vertically up the cliff they cannot fail to attract the 
attention of even the least curious, for it is apparent nothing 
known to man could thus have deposited them. A recent fall of 
the Barton Clay gave a good opportunity for the collection 
of fossils. Passing to the Headon Hill Sands, their junction 
with the Lower Headon Series was finely displayed. At the 
north corner of Headon Hill the Headon beds were worked for 
fossils and many characteristic specimens obtained. Time did 
not permit the clirnb over the small cliff made by the thick bed 
of Limestone near the top of the Upper Headon, to examine the 
Osborne Beds and Bembridge Limestone. An extra half-hour 
had already been absorbed, and this was regained by deciding 
to partake of lunch in the brakes en route to Brook, which place 
was reached about 3 p m. 

Immediately proceeding to Hanover Point, the fossil " Pine- 
raft" was examined. 

The tide was very favourable for this, although many persons 
have taken away blocks for various purposes, and, in spite of the 
fact that a ship recently ran ashore on it, much yet remains. 
At certain times, when the beach is removed by the sea, 
logs are to be seen sticking out of the foot of the cliff at 
the Point ; more therefore remains to be uncovered. The 
trunks ; and portions are lying scattered, and coated with sea 
wrack, between high and low water mark. 

One tree measures 24 feet with a diameter of three feet, and 
is the longest to be found. Very curious arborescent markings 
were noted in the section of some of the trees. Teeth and scales 
of Lepidotus manielli were found in the sandstone in which the 
stems of the trees are embedded. The Director (Mr. Hooley 
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had now taken sole charge) gave a brief account of the Pine-raft, 
and of the section from Brook Chine to Afton Down, pointing 
out the deep red marls the lowest beds exposed at the surface in 
the Isle of Wight, and the small chine where Hulke obtained 
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Fig. I.— Section About 150 Yards West of Small Chine, to the 
West of Compton Grange Chine, Compton Bay, Isle of 



Wight. Thickness. 

ft. in. 

1. Grey Shales 20 

2. Cyrena Limestone 02 

3. Shales i 3 

4. Iron Clay Stone 10 

5. Grey Shale 19 

6. Sandy Shale 12 

7. Blue Shale 8 6 

8. Sandstone 04 

9. Shale 12 

10. Iron Clay Stone 06 



1 1. Shale . 5 ft. from bed 10 to 10 =: 2 ft. 6 in. stratum folded double. 

A. Soil 

B. Talus 

Variegated marls on the west faulted against this section. 

Reg. W. Hooley. 

many fine reptilian remains. He referred to the repetition of 
both groups of Wealden strata, the variegated and the shales, 
giving the evidence for and against a fault being a cause, and 
stating that the cliff at the probable position was now well cleared 
of talus, so that the second series of variegated beds could be 
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shown to be faulted against the shales. Proceeding along 
Compton Bay the section of alluvium near Shippard's or 
Compton Grange Chine containing hazel nuts, elytra of beetles, 
and wood was visited. Nuts were found underlying 6 ft. of 
biick-earth, and again below 2 ft. of gravel. This alluvium is 
newer than that covering the contiguous cliffs. 

Near here, intercalated in the older gravel above mottled 
Wealden Beds, a mass of blue clay was noted, probably derived 
from the denudation of Wealden Shales. About 150 yards west 
of a small chine, also west of Compton Grange Chine, a clean 
section showed contorted Wealden Shales as in Fig. i. Beds 11, 
10, 9, and 8 curve in a semicircle. The remaining beds do not 
take this curve, but bend at right angles, and thus are vertical for 
a few feet, then again turnmg they begin to take the true dip. 

Through slip the portion of the cliff, in which this section 
occurs, shows a section at right angles that is bearing inland. A 
few yards along this variegated marls are lying directly against 
these contorted shales. The line of junction was visible on 
removing with a pick a few inches of wash that hid it. 

The trend of the fault is apparently E.N.E. The presence of 
a fault has been suggested by diflferent observers, but some have 
thought otherwise, for the reason, amongst others, that the upper 
series of shales, being only about half the thickness of the lower, 
it seemed hardly possible that they could have thinned out so 
considerably in so short a distance as the presence of this fault 
proves them to do, for the upper series of shales and marls must 
be correlated with the lower here. This agrees with the one 
group of shales and variegated strata at Atherfield and Sandown. 
Leaving h ere the Atherfield clay was examined at the top of the 
cliff, and the Perna Bed, with Gryphaea (Exogyra) sinuata in dis- 
placed portions of the cliff. This clay is the cause of the rough 
and tumble state of the cliflf here. 

It was noted how great is the contrast between the strata of 
the Lower Greensand in this section and that of the Atherfield. 
Time would not permit more than a passing notice of the 
remaining strata to the Chalk. 

The ascent of the cliff was made up the talus formed by the 
Gault Clay and Freshwater Bay was reached. Tea was provided 
at Stark's Hotel. 

The party took the 7.5 p.m. train back to Ryde. 
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[Quart. Jonrn. Geol. Soc, vol* Ixiii, 1907, 
pp. 60-63 & i^. ii-iT.] 



l^From the Quarterly Journal of the Geological Society /or 
Fthruary 1907, Vol. Ixiii.] 
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On the Skvll and greater Portion of the Skeleton of Gokio- 
PHOLis CRASsiimys from tJie Wbalden Sualbs of Atherfield 
(Isle op Wight). By Reginald Walter Hoolet, F.G.S. 

[Platw II-IV.] 

I. History of the Discotert of the Specimen. 

In the lute autumn of 1904, at a place locally called * Tie Pits,' 
near Atherfield Point (Isle of Wight), a large mass of the cliff, 
comprising many thousand tons of the Wealden Shales, subsided, 
pushing its foot across the beach, until below low-water line. As 
the sea washed away the base, the mass continued sinking, and fresh 
horizons wcro denuded. In 1905 a series of heayy ' ground-seas ' 
cast up blocks of limestone and ironstone, containing crocodile- 
bones, which were discoTered oo the sand, between high- and low- 
wuter marks. The skull came ashore in six pieces, and on as 
many different occasions. 

Scutes and fragments of bones were constantly picked up. One 
block found by a local fisherman was forwarded to the Sedgwick 
Museum, nt Cambridge. After correspondence with Mr. Henry 
Keeping, the well-known Curator, I was put in communication 
with Prof. T. McK. Hughes, F.R.S., who, with great liberality 
and courtesy, wrote that in 'the interest of scientific progress' he 
thought that their block should be handed over to me, and this was 
accordingly done. The collection of the skull, etc. would have been 
impossible, but for the aid of Mr. Walter White, the coxswain of the 
Atherfield lifeboat, who obtained the separate portions by visiting 
the beach at every tide. The horizon whence the specimen was 
derived is 80 to 90 feet below the top of the Wealden Shales. 

II. History of the British Goniopholidjs. 

The genus GoniopholM was first founded in 1841 by Owen.' The 
type-specimen, named by him Goniopholis crassidens^ was obtained 
from the Purbeck Beds of Swanage, in 1 837, by Robert Trotter, 
F.G.S., and presented by him to Mantell, whose collection is now 
in the possession of the British Museum (Natural History). It. 
consists of the left mandibular ramus, teeth, scutes, vertebrae, and 
sundry bones of the pelvic region, lying on two slabs of Purbeck 
Limestone, one being the counterpart of the other. 

Mantell had previously, in the 3rd edition of his ' Wonders of 
Geology ' 1839," made known and figured the fossil under the name 
of the * Swanage Crocodile.' It was described again by him in the 

* ' Rep. Brit. Foss. Kept.' pt. ii, Rep. Brit. A880C. 1841 (Plymouth) p. 69. 
^ Vol. i, pp. 387-89 & pi. i. 
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2nd edition of his * Medals of Creation,' * and in * Petrifactions, & 
their Teachings,' and in other of his works, while it was finally 
more fully described by Owen in 1878." 

In the Keptile Gallery of the Natural History Museum (Geological 
Department), the same frame contains, not only the two type-blocks, 
but a smaller one, with the impression of the orbital region of the 
skull and a fragment of the frontal bone, situate between the orbits ; 
and the impression and fragments of a moiety of the right ramus. 
This particular block was not referred to by Man tell or Owen. It 
is not mentioned in either of the works cited, nor is it noticed 
in the 'Catalogue of Fossil Reptilia & Amphibia' pt. i (1888), 
of the British Museum. When I mentioned this to Dr. A. Smith 
Woodward, he referred to Mantell's original manuscript-catalogue 
of his collection, where it is noted ; consequently, no doubt as to its 
belonging to the type-specimen can be entertained. 

Separate teeth are figured by Owen.® He refers to, and figures, 
the greater portion of the premaxillae of OoniopJiolis, revealing 
the almost entire narial aperture, discovered by Mr. G. B. Holmes, 
of Horsham, in the Wealdenof Cuckfield (Sussex). He ascribes this 
specimen to OoniopTiolis crassidens without stating reasons ; but, 
as no teeth are preserved and the premaxillae are unknown, it 
could alone have been suggested as belonging to that particular 
species, by the horizon from which it was derived. In the same 
supplement,* Owen simply refers to fig. 5, pi. i, remarking that the 
specimen there figured was from the Purbeck Stone. It comprises 
the anterior ends of the rami, minus the splenials, now in the 
possession of the British Museum. This fossil is also referred to 
Goniopholis crassidens, because of its geological horizon. That this 
was the reason is made evident by his stating," in reference to 
three vertebrae, that 

'they were obtained by Mr. HolmeB from the same bed of Wealden Olay, 
at Cuckfield, as the teeth and scutes figured in pi. iii, characteristic of the 
genus GoniopholiSf to which, therefore, I refer them.' 

With these latter there were also preserved a caudal vertebra, 
coracoid, humerus, ilium, femur, and other bones. 

The preceding appear to be the only recorded remains of Gonio- 
pholis crassidens, and, excepting the isolated fragmentary moieties 
referred to that reptile by Owen, the skull was unknown. 

Another species, under the name of Goniopholis simus, was 
described by Owen* from a skull, minus the lower jaw, from 
the Purbeck of Swanage. This particular specimen had been pre- 
viously described by Hulke,'' together with a skull and mandibles, 
acquired by Mr. Willett, from the Purbeck of Swanage, and 

^ Vol. ii (1854) pp. 677-79. 

^ ' Monograph of the Fossil Reptilia of the Wenlden & Purbeck Formations' 
Suppl. Tiii (Palttont. Soc. 1878) p. 1. 

3 Ibid. pi. i. * Ihid. p. 4. « Ibid. p. 5. « Ibid. p. 7. 

* Note on Two Skulls from the Wealden & Purbeck Formations, &c.' Quart. 
Joum. Geol. Soc. vol. xxxiv (1878) pp. 377-81 & pi. xv. 

e2 
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ascribed by him to Goniopholis crassidens^ but both skulls un- 
doubtedly belong to the species O. simns. 

There is a feature on the skull of the type-specimen which is not 
noted by either of these authors. A bony ridge, from the inner 
anterior border of the orbits, passes across the frontal bone in a 
curve, developing in the centre into a prominent eminence 6 mm. 
high, which in life most have been slightly higher, as the apex is 
gone. It is well defined, and has not been caused by crushing. 

On enquiry of Prof. Louis Dollo, I was informed by him that the 
skull of Goniopholis simus in the Musee Boyal d'Histoire Naturelle 
de Belgique, at Brussels, shows no traces of the crest. However, 
this keel is found in Nannoauchtis gracilidens as well, and is also not 
noted by Owen. It is interesting to observe that it is also present 
in the recent caimans and the North American alligator, but not in 
any of the crocodiles that I have examined. Thus it appears in 
Caiman latirostris^ scleropt, niger^ latifi'ons^ and Alligator mississip- 
piensis ; while it is absent in Crocodilus nilotieus^ palusiris, porosus^ 
rohustus^ americanus, and in the gharials. 

In 1879 ^ Owen described another species under the name of 
Goniopholis tenuidens, from the anterior portion of a mandible, 
from the Middle Purbeck of Durleston Bay. He estimated the 
jaw of Goniopholis crassidens to have measured about 2 feet in 
length, and G, tenuidens about a quarter of the size ; and he differ- 
entiated the latter from G. crassidens and from G. simus by this and 
the greater slenderness of the teeth. 

To four vertebrae, Owen gave the name of Goniopholis carinatus. 
He figured them,* but gave no description. 

The fossils from which these four species of Goniopholis have 
been formed appear to be the only specimens from Britain that 
have been hitherto described. 

Through the kindness of Dr. A. Smith Woodward, and Mr. E. J. 
Baily, of Battle (Sussex), who forwarded the specimen to the Natural 
History Museum, I have been enabled to study the skull of a 
Goniopholis, discovered by the latter gentleman in the Purbeck 
limestone near Battle. The skull is very much flattened, and 
portions of the upper jaw alone remain, much apparently having 
been destroyed at the moment of discovery. 

The prem axillae, as far as 13 mm, from the tip of the snout, are 
entire ; but there a small section is missing. The greater part of the 
maxillae and nasals, mintis their posterior ends, are preserved. The 
prefrontals, lachrymals, and all other bones are absent, except the 
hinder portions of the frontal and postfrontal, and the anterior of 
the parietal. These latter, and the impress left on the matrix by 
what is lost, determine the supratemporal fossa to be subquadrate, 
and only slightly larger than the orbits. The articular ends of the 
quadrates remain. 

^ ' Monograph of the Fossil Reptilia of the Wealden & Purbeck Formations ' 
Suppl. ix (Pftlffiont. Soc. 1879) p. 2 & pi. i. 
* ' British Fossil Reptilia* 1849-84, vol. ii, pi. xiy. 
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The external nares are subterminal. Traces of bony prominences 
occur on the lateral borders of the nares. There are five alveoli on 
each premaxiUa, twelve on the imperfect right maxilla, and fifteen 
on the left. Many of the teeth are preserved, and they all show 
the lateral carinas and the serrations characteristic of Ooniopholis, 
Owen gives the diiOference in breadth to length of crown, as less in 
Ganiopholis simus than in O. crassidens; nevertheless, it is question- 
able whether the teeth are alone sufficient to distinguish one from 
the other, so similar are they. The sculpturing of the skull is 
similar to that seen in G, simus. 

The skull, from the articular end of the quadrate to the tip of the 
snout, measures 578 mm. (23 inches), which is a greater length 
than that of the type-skull of G. simus. The other measure- 
ments are in corresponding ratio. It was, therefore, an older or 
a more robust individual than the type, to which, considering the 
shape of the supratemporal fossae, the anterior nares and their 
subterminal character, the teeth, and the sculpture of the cranium, 
I have no hesitation in referring it. 

As is well known, the osteology of this species was made familiar 
by Prof. Louis Dollo in 1883,* by means of the magnificent speci- 
mens obtained from the Wealden of Bernissart. 

III. Descbiption of the Athebfield Specimek. 

The skull and bones discovered at Atherfield are remarkable for 
their well-preserved condition and lack of distortion. The skull 
is much as it was in life, and, if found in sitUj would have been 
entire. The cranial roof is nearly square to the orbits, the snout 
moderately elongate, and the skull very depressed. Another prominent 
feature is its wedge-shape, there being a gentle rise from the nares 
to the posterior margin of the parietal. Laterally it gradually 
widens ; while the under margins of the mandibles sustain a 
nearly-horizont^ line to the angle of the angular bone. Viewed 
from above, the general form is that of the broad-faced Procoelians, 
although, owing to the wide expansion of the cranial roof, the 
tapering appears more acute than it really is. The width between 
the upper temporal arches is much less than that of the lower. 
The upper and lower temporal arches and the parieto-squamosal 
bars are strong, but narrow. 

The interorbital space is wide. The posterior border of the 
skull, as it leaves the outer point of the squamosals, forms a deep 
crescent, the inner horn of which is on the parietal, a third of the 
distance from the parieto-squamosal suture. This is followed by a 
shorter and shallower crescent, with a corresponding larger crescent, 
to the opposite squamosal. 

The whole surface of the skull is magnificently sculptured with 
deep, more or less circular pits, without a free space or any bony 

^ ' Fremidre Note sur les Crocodiliens de Bernissart ' Bull. Mus. Boy. Hist. 
Nat. BeJg. vol. ii 1863) p. 309. 
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keels or prominences. There is a deep and large depression 
immediately in front of each orbit, and situated on the maxillae. 

The nasals (PI. II, a) apparently just reach the anterior nares. 
Ilapidly expanding to a width of 57 millimetres, they quickly con- 
tract to 50 mm. from these openings. From here they gradually 
widen, till they meet the prefrontals and frontal, when they taper 
into attenuated points. 

The maxillae (PI. II, 6), broad and deeply festooned, resemble- 
those of the recent crocodiles. 

The lachrymals (PI. II, c) are large. On their hinder ex- 
tremities are two strong ridges, conyerging forward and divided by 
a dejp groove, forming the anterior boundary of the sockets. 

The prefrontals (PI. II, d) are small. Their outer posterior 
edges take a share in the orbital rim. 

The frontal (PI. II, e) is quadradiate, a long posterior ray 
uniting with the parietal, and shorter rays with the postfrontals ; 
these also bend forward, and form a small section of the orbits. A 
broad anterior ray meets the prefrontals and nasals. 

The postfrontals (PI. II, /) are stirrup-shaped, the spur 
meeting the squamosal, and the branches comprising the posterior 
boundary of the orbits, the outer being the longer, reaching the jugals 
and completely bounding the sockets from the infratemporal fossa. 

The squamosals (PI. II, g) and the parietal (PL II, h) are 
near in shape to the similar bones in the Procoelians, but the greater 
extent of the supratemporal fossae causes them to throw out longer 
branches. 

The jugals (PI. II, t) complete the orbits. From here to their 
union with the quadrato-jugal they are long, slender, rod-like bones, 
with a slight median bend similar to that seen in the Teleosaurs. 

The quadrato- jugals (PI. 11,^') are also narrow, and carry on 
the bar, made by the jugals, to their union with the quadrate. 

The quadrates are not well displayed. The articular end of 
the right has been destroyed by the sea, and the left is buried in 
matrix and hidden by other bones. 

The supraoccipitals are covered by the atlas and axis, and 
by the matrix. 

Portions of the exoccipitals are to be seen, on each side of 
the foramen magnum. The outer branch of the left is also visible. 
It resembles the same moiety as in the recent crocodiles, with 
perhaps a broader ledge for muscle-attachment. 

The occipital condyle (PL III, d), compared with the size of 
the skull, is small, and has no median groove. 

The basioccipital has a very broad longitudinal ridge, from 
the condyle fo the median eustachian tube. 

The contour of the external nares (PI. II, Jc) cannot be 
determined, for the premaxillae have been broken off, excepting a 
small portion which comprises the termination of the nasal floor, 
and a fragment of the posterior extremity of both the right and 
the left. These suggest that they were not subterminal as in 
Goniopholis simus^ and that the nasals just entered their posterior 
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border; also that the premaxillae described by Owen ^ do really 
belong to Goniojjholis crassidens. 

The orbits (PL II, Z) are ovoid. Their posterior borders are 
high. Laterally they gradually decline on to the lachrymals. 
Here a deep and wide groove divides them. From the bottom 
of this groove to the summit of the supraorbital rim there is a 
vertical elevation of 49 millimetres (2 inches). 

Any other than a forward vision was precluded. The type- 
pkull of Goniopholis simus is so flattened by pressure, and the 
boundaries of the orbits so much destroyed, that it is impossible to 
say how near in this res]>ect they approac})ed to those ot* the skull 
under consideration ; and Prof. Dollo does not refer to this in his 
previously-mentioned description of the Bernissart specimens. 

The supratemporal fossae (PI. II, m) are very large, almost 
twice the size of the orbits. Their inner and posterior margins form 
curves, while their outer and anterior margins are nearly straight, 
lorming a right angle at their junction. 

The lateral temporal fossae (PI. IV, fig. 1, a) are large, as is 
also the tympanic cavity (PI. IV, fig. 2, «). These fossae are 
divided by a posti'rontal and jugal bar. The orbits apparently do 
not communicate.with them. 

The palatines (PI. Ill, a) continue with nearly the same width 
as when they leave the pterygoids, to half their length. Here they 
expand, meeting the maxillae 31 mm. from the front extremity of 
the palatal fossae. Their posterior extremities form only the extreme 
anterior boundary of the posterior nares, for they immediately 
connect with, and become exterior to, a process thrown out by the 
pterygoids. 

The pterygoids (PI. Ill, 6) have their posterior borders much 
damaged. They appear to widen gently from their median sutui e, to 
their contact with the mandibles. Here they have a short expansion, 
then curve inwards to the palato-pterygoid vacuity. Anteriorly, 
they throw out a process which forms the lateral borders of the nares, 
and outwardly a portion of the margins of the palatal fossas. 

The transpalatines (PI. Ill, c) sweep round from the ptery- 
goids to the maxillae, narrowing the hinder breadth of the palatal 
vacuities. Their surface on their inner and outer moieties is 
concave, and convex on the median. 

The posterior nares (PI. Ill,/) are divided by a pterygoid 
septum, and are twice as long as wide. The palatines border only 
their extreme anterior point, the pterygoids forming the remainder 
of their margins. 

The median eustachian canal (PI. Ill, ^r) is large. It is 
situated whoUy on the pterygoid plane, very near to the posterior 
nares. 

The palato-pterygoid vacuities (PI. Ill, e) are long and 
oval, with their posterior end contracted by the inward curve of 
the transpalatine bone. 

^ * Monograph of the Fossil Reptilia of tlie Wealden & Purbeck Formation* ' 
Suppl. viii (Palaont. Soc. 1878) p. 4 pi. i 
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The maxillo-palatine suture leaves the palatine suture at 
right angles, and at a distance of 30 millimetres from it tunis 
sharply, keeping a straight line parallel with the latter, until near 
the palatal vacuity, where it doubles back at an acute angle, and 
immediately enters the vacuity. 

The premaxillo-maxillary suture is hidden by the sym- 
physial extremity of the mandibles. 

The mandibles (PI. IV, fig. 1, c) are long and slender. They 
have no vacuity. The incisary region is well raised, and sinks 
rapidly to the laniary. There is no, or only a slight, elevation in 
the median region of the alveolar tract ; they rise without further 
undulation to their articular end. llie alveolar tract extends 
probably some 288 millimetres (11*33 inches). 

The symphysis is short. The mandibles at this end are heavy 
and broad, their outer margins being very square. At almost 
regular intervals up either side of the symphysis are a series of pita 
in line, and deeper than any in the immediate area. 

The splenials (PL III, i) enter well into the symphysis. 

There are only two teeth preserved, both in the hinder region 
of the maxillee, one in the right, the other in the left. They are both 
small. They have the characteristic ridges and well-developed 
carinae, laterally, midway between the concave and convex sides. 
As the mandibles are firmly fixed against the upper jaw, and the line 
of junction is filled in by matrix and pyrites, the dental formulae 
cannot be ascertained. 

The alveoli that are visible prove the teeth to have been very 
unequal in size, and the upper overbit those of the lower jaw. 

The atlas and axis vertebrae (PI. 11, o &p) are cemented by 
the matrix and pyrites to the occipital region of the skull, above 
the condyle. The neural arch of the atlas and the distal ends of 
the floating ribs are preserved, but they cannot be fully exposed 
without damage. 

The odontoid bone is united to the centrum of the axis. Com- 
pared with the latter, it is large. Its anterior articular surface is 
slightly convex. At this end it has a strong broad ridge, laterally 
and ventrally. The centrum of the axis is small. The neural spine 
of the axis is missing. Both the atlas and the axis vary little 
from those of recent crocodiles. 

four more or less perfect cervical ribs are also embedded here. 

The third cervical vertebra (PI. IV, fig. 2, b) is lying in the 
matrix in the pelvic region. The fourth, fifth, sixth, and portion 
of the seventh cervicals * (PI. IV, fig. 1, d-g\ and the proximal 
ends of their ribs, are contained in a small block of rock, showing a 
recent fracture posteriorly. 

The next block has a similar face anteriorly. The portion that 
filled the gap has not been recovered. On this block, and on three 
others all exactly fitting on to each other, are a part of the sixth, 
the seventh, eighth, ninth, tenth, and eleventh dorsaP (PI. IV, 

^ The number of cervical and dorsal yertebrae is here taken to be equal to 
the number of the corresponding yertebrae in Goniopholis simus. 
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fig. 2, c), four lumbar (PI. IV, fig. 2, d \ and the first sacral 
(PL IV, fig. 2, e) vertebrae, in consecutive series, many sternal and 
abdominal splint ribs, the left coracoid, the left humerus, the right 
and a moiety of the left ilium, right ischium, and the two femurs. 

All the vertebrae are amphiccelous, otherwise they approach in 
form closely to those of the recent crocodiles. The neurocentral 
suture rises from behi'^d forward in the cervical. It is convex in 
the dorsal and lumbal^ rhile in the first sacral it is sigmoid. 

There are eight right \oracic vertebral ribs (PL IV, fig. 1, h) 
and four left, more or less perfect. Many of the cartilaginous 
sternal ribs lie scattered in the matrix between the vertebral 
ribs, some being well exposed. Pour of the abdominal splint ribs 
(PI. IV, fig. l,y) are preserved. 

The coracoid (PI. IV, fig. 2,^) is very elongate. It has a slight 
expansion at its ventral end. 

The humerus (PI. IV. fig. 2, A) is a very powerful bone. The 
deltoid ridge is not displayed. It is 25 millimetres shorter than the 
femur. Owen ^ gives further particulars of this bone. 

Embedded in the matrix on the right of the skull, under the 
squamosal, lie the distal ends of the radius and ulna, and(?)the 
radiale and ulnare. There is a portion of the shaft of a limb-bone 
visible in the left supratemporal fossa, as it passes from the base 
of the skull towards the left orbit. 

The ilium (PI. IV, fig. 1, Jc) has the pre-acetabular portion short, 
and the post-acetabular very long and strongly curved. Owen 
describes it (op. cit. p. 3) as being ' broader than in the existing 
Crocodilians.' The acetabular region is a shallow concavity, with 
plenty of space for the play of the femur. On the summit of the 
crest the bone is considerably thickened, and the spinous process 
very highly developed. 

The ischium (PI. IV, fig. 2, i) is short. ProximaUy it is much 
bifurcated. Its distal end is moderately broad. 

The distal end of one of the pubic bones has alone been recovered. 

The femur (PL IV, figs. 1 & 2, m &j) has the usual Crocodilian 
characters, with the inner portion of the proximal condyle and the 
median trochanter more strongly developed. 

Twenty consecutive right dorsal scutes (PI. IV, fig. l,p) and 
several of the median ends of the left lie in the natural position. 
Two of the scutes on the right show well the characteristic 
pegs. There are also nine scutes of the ventral buckler, joined 
by their sutures. Numerous dorsal, ventral, and other scutes 
are scattered throughout the matrix. They call for no detailed 
description, as their characters are well known. 

The portion of the axial skeleton obtained, that is, from the tip 
of the mandibles to the posterior end of the first sacral, measures 
1*505 metres (4 feet 11 1 inches) ; and, if we allow for the missing 
cervical and dorsal vertebrsB 1"930 metres (6 feet 4 inches), the total 
length of the reptile must have been about 3^ metres (11| feet). 

^ • Monograph of the Fossil Reptilia of the Wealden & Purbeck FormatioBs ' 
Suppl. viii (Palwont. Soc. 1878) p. 6. 
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IV. Agreement of the Atoer field Fossil with the Type- 
Specimen OF GONIOPUOLIS CRASSIDESS. 

As previously noted, the impression of the skull on the slab 
containing the type-remains had never been described. Further, it 
has been seen that the known portions of the skull of GoniojMis 
crassidens consist of teeth and part of the left mandibular ramus ; 
for the fragments of the mandibles described and figured by Owen 
were, as before stated, apparently referred to this species because 
they were discovered on the same geological horizon. With the 
ramus, teeth, and odd bones of the typo, the Atherfield fossil agrees. 
The impression of the cranial surface on Mantell's slab begins 
near the position of the paricto-frontal suture, and embraces the 
outline of the anterior moiety of the left supratemporal fossa 
and portions of the pre-frontals, lachrymals, nasals, and maxillae. 
No trace of the sutures of these bones is to be found, and so their 
form cannot be determined. The anterior outline of the orbits can 
be fairly judged. 

So far as can be ascertained, the orbits longitudinally and trans- 
versely, and the measurements of the impression of the left inner 
anterior corner of the left supratemporal fossa, agree with the 
Atherfield skull. The sculpturing, the contours of the orbits, the 
slightly-concave interorbital space, and its elevation as it nears the 
orbital rim, likewise are close to that of the Atherfield cranium. 

With the impression was a fragment of bone, across the inter- 
orbital tract, near the position where the keel noted in Goniopholis 
simus occurs. It seemed possible that its presence might be due to 
a similar ridge having given an extra grip on the matrix. 

On my calling Dr. A. Smith W^oodward's attention to this possi- 
bility, he deemed it important enough to have the fragment removed, 
with the result that no keel was discovered, but a concave pitted 
surface as in the Atherfield skull. 

From these considerations I have no hesitation in assigning the 
Atherfield remains to Goniopholis crassidens. That being so, I shall 
endeavour to demonstrate that the skull of G, crassidens differs in 
many important particulars from that of G, simus and other Gonio- 
pholidsB, and hereafter shall refer to it as Goniopholis crassidens. 

V. Comparisons between the Skulls op Goniopholis crassidens 

AND G. SIMUS. 

(1) In its dimensions the skull of G. crassidens is a third greater 
than that of G. sitnua. The general outline is similar. 

(2) In G. crassidens the supratemporal fossae are twice the size 
of the orbits, in G. simus only slightly larger. 

(3) In G. crassidens they are subcircular, but subquadrate in 
G. simus. 

(4) Deep pre-orbital depressions exist on the maxillae of G. cras- 
sidens ; mere traces in G. simus. 
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(5) The lateral temporal fossae aod tympanic cavity are greater 
in crassidens tbaii in G, simus. 

(6) Absenceof an inter-orbital ridge in O. crassidens ; its presence 
in &, simus. , 

(7) The nasals, anteriorly, in (7. crassidens widen till near the 
constriction, whence they quickly converge to the anterior nares, 
the posterior border of which is apparently reached. In G, simtis 
they do not broaden, and on reaching the premaxillsB rapidly con- 
tract to an acute point 27 millimetres from the anterior nares. 

(8) In G. crassidens, the hinder extremities of the premaxill® 
are very blnnt, and probably do not extend 29 mm. beyond the 
anterior nares. In G. simus they are very sharp, terminating 
where the nasals begin to narrow, 70 mm. from the anterior nasal 
opening. 

(9) In G, crassidens the surface of the skull is deeply and uni- 
formly pitted, without any other sculpturing. In G. simus it is 
neither so uniformly nor so deeply pitted. Moreover, the nasals 
have a crinkled surface anteriorly and posteriorly, and are almost 
free from pits, and those that occur are very shallow. The frontal 
is also crinkled at its juncture with the nasals, while behind this to 
the orbits it is quite smooth and free from ornamentation. 

(10) In G, crassidens the posterior nares are twice as long as 
they are wide, and, except their extreme anterior margins, are 
entirely formed by the pterygoids. In G. simus they are narrower, 
and a third of their border is formed by the palatines. 

(11) The form of the palatines reveids a remarkable dissimilarity. 
In Gf-. crassidens the pterygo-palatine suture rises acutely from 

the posterior end of the suture connecting the palatines to the 
palatal fossa. In G, simus it is nearly horizontal, with a crenated 
contour. 

In G, crassidens the lateral margins are almost parallel, only 
slightly expanding as they approach the maxillae. In G, simus 
they soon commence to dilate, and continue to widen to the maxillo- 
alveolar border. 

In G. crassidens^ the palato-maxiUary suture leaves the palatal 
median suture at right angles, and, keeping horizontal for 31 mm., 
turns at a right angle, parallel with the median suture until near 
the ptery go-palatal vacuity, where it doubles back at an acute anglo 
into that fossa. 

In 6r. simus the course of this suture is quite different. Owen ^ 
thus describes it : — 

' The palato-maxillary guture is stroDgly sigmoid, describing as it leayes the 
mid-line a convexity forward, then a concavity/ 

In addition to these differences in the skulls, the dimensions 
of Goniopholis crassidetis are one-third greater than those of 
G, simus. 

* * Monograph of the Fossil Reptilia of the Wealden & Piirbeck Formations * 
Suppl. viii (PalsBOnt. Soc. 1878) p. 8. 



60 



MR. R. W. HOOLEY ON THE SKULL AND [Feb. I907 



VI. COUPARISONB WITH GONIOPFIOUS TENUIDEXS^ NaNXOSUCHUSj 
AND OWEXIASUCHUS, 

Goniopholis ienuidens (Owen). 

The anterior end of the mandibles is the only portion of the skull 
that is known ; this reveals no agreement with the same moiety in 
O, crassidem. It differs by its : 

(1) Much smaller size and by the contour of the alveolar tract. 

(2) The high elevation of the incisary and median regions of the 
alveolar tract, and its deep laniary concavity. 

(3) The sharp and more slender teeth. 

The Genus Nannosuchus (Owen) . 

Agrees in : 

(1) The general form of the skull. 

(2) The articulation of the dorsal scutes. | 

Differs in : 

(1) The small size of the skull. 

(2) The shape of the supratemporal fossSE). 

(3) The relative magnitude of the orbits to the supratemporal 

fossae. 

(4) The outline of the posterior border of the skull formed by 

the parieto-squamosal bar. 

(5) The presence of an interorbital ridge. 

(6) The presence of a supraorbital bone. 

(7) The form and length of the nasals and their non-entrance 

into the nares. 

(8) The recurved slender teeth. 

(9) The form of the dorsal scutes. 

The Genus Oweniasuchus (A. Smith Woodward). 
Agrees in : 

(1) Mandibles similar in form, and their deeply-reticulated 

posterior external surface. 

(2) The absence of a mandibular vacuity. 

(3) The very slight laniary concavity. 

Differs in : 

The short extent of the alveolar tract. 

I 
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VII. Measurements of the Tipe-Skulls of 

GONIOPUOLIS CRASSIDEXS AND O. SIMUS, IK MILLIMETRES. 

G. eratsidens. G. simm. 



Length, articular end of quadrate to tip of snout 415 

J>ength, occipital condyle to tip of symphysis 644 

Breaidth between extreme outer points of squamosals ... 205 149 
Breadth of roof across posterior border of supra- 
temporal fosen 258 

Po., anterior border 230 

Breadth between inferior-temporal arcades, across pos- 
terior border of supratemporal fossie 339 

Breadth across anterior points of orbits 19(5 

Breadth between festoons 159 

Breadth between constrictions 64 

Longitudinal diameter of supratemporal fossse 90 44 

Transverse do 90 40 

Longitudinal diameter of orbits 67 46 

Transverse do 49 33 

Longitudinal diameter of posterior nares 50 44 

Transverse do 25 8 

Longitudinal diameter of palatal fossffi 197 ... ■ 

Transverse do 70 

Length from angle of angular bone to tip of symphysis... 597 
Breadth of mandibles across posterior end of posti^rior 

nares 330 

Do., posterior end of symphysis 108 

Greatest breadth of symphysial end of mandibles 142 

Length of symphysis 85 

Liength along which splenials merge into symphysis 35 



Where the measurements are not stated, this omission is because 
the corresponding portions of the skulls are either too badly pre- 
served for accuracy, or are missing. 

YIII. Mbasueemehts of the more important Bones of the 
Skeleton of O, crassidens, in millimetres. 



Antero-poflterior diameter of odontoid bone 25 

Dorso-ventral do 49 

Antero-posterior diameter of centrum of axis 48 

Dor3o-ventral do 30 

Length of coracoid 180 

Length of humerus 280 

Length of ilium 207 

Length of ischium 135 

Breadth of proximal end of ischium 70 

Breadth of distal end of ischium 105 

Length of femur 305 



IX. Concluding Eemarks. 

In cojiclusion, I would observe that we have here a crocodile 
in which the vertical elevation of the orbits is greatly more accen- 
tuated than in the Teleosaurs or other Amphicoelians, and very far 
removed from the everted orbits of the Procoelians. Their direct 
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frontal aajtcct curtoilod the arc of vision, and it would seem tbat the 
creature's prer, or foes, were in an unobserved position when once 
behind the orbits. 

In the greater leng^th of the femur than of the humerus, and the 
deep depression on the hinder extremities of the mazillaB, which are 
evidently the vestiges of preorbital vacuities, Goniopholis crassidens 
is nearer the Teleosaurs than G. simus^ but is farther removed than 
the latter from them in the position of the posterior nares. 

Considering the massiveness of the head, and the weight which 
its heavy armour must have given to the body, the length and 
slenderness of the mandibles is remarkable. It is surprising how 
they withstood the strain occasioned in a combat with, or the 
capture of, the creature's more powerful congeners. 

The reptile was capable of a gape of over a metre. 

The presence of the interorbital keel, found in all the American 
alligators, is probably the developed trait peculiar to a line descended 
from the GoniopholidiB. 

My thanks are due t-o Dr. A. Smith Woodward, F.R.S., for much 
kindness and help in the preparation of this paper. 

EXPLANATION OF PLATES II-IV. 
Plate II. 

Dorsal aspect of the skull of Goniopholis crassidens. \ nat. size. 
a = nasals ; b — maxilla ; c = lachrymal ; d — prefrontal ; e = frontal ; 
/ = postfrontal ; g = squamosal ; h = parietal ; i = jugal ; j = quadrato- 
jugal ; k = nasal passage ; I = orbit ; m = supratemporal fossa ; «= right 
mandibular ramus ; = atlas ; ^ = axis ; y=lst& 2nd right cervical ribs; 
r = distal end of ulna ; s = distal end of radius. 

Plate III. 
Ventral aspect of the same. ^ nat. size, 
a = palatine ; 6= pterygoid ; <?=tran8palatine ; occipital condyle; «=palau>- 
pterygoid vacuity ; / = posterior nares ; ff = median eustachian canal ; 
A=dentary ; t-=splenial ; j = angular. 

Plate IV. 

Fig. 1.— Right lateral aspect of the skeleton of Goniopholis crassidens. 
-j^j- nat. size. 

o=lateral temporal fossa ; b = jugal and quadrato-jugal bar ; c — mandible ; 
rf=4th cervical vertebra; « = 6th cervical vertebra; / = 6th cervical 
vertebra; g = portion of 7th cervical vertebra ; h = vertebral ribs ; 
t = sternal ribs; j « abdominal splint ribs k = ilium ; / = ischium ; 
m — lemur; n = proximal end of tibia; o = distal end of tibia; 
p — dorsal scutes ; q = ventral scutes. 

Fig. 2. — Left lateral aspect of the same. -jV nat. size. 
a = external auditory meatus ; b = 3rd cervical vertebra ; c = dorsal ver- 
tebrae ; d = lumbar vertebras ; <j = 1st sacral vertebra; / = sternal ribs; 

= coracoid ; h = humerus ; i = ischium ; J = lemur ; k = cervical 
scutes. 
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DORSAL ASPECT OF CRANIUM OF GONIOPHOLIS 
CRASSIDENS. 
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VENTRAL ASPECT OF CRANIUM OF QONIOPHOLIS 
CRA88IQEN8. 
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DrscrssioN. 

Dr. Smith Woodward conoratulatcd the Author on his first 
contribution to the Society's Proceedinj^s. It was an illustration of 
the importance of local collectors for the progress of PalaBontology. 
Although the remains of Goniopholis crassidens were among the 
conimonest of Wealden fossils, the precifise characters of the species 
had remained unknown, until the discovery which the Author had 
now described. The new observations were of nil the greater value, 
because the Goniopholidae represented an entirely-new departure in 
the evolution of the Crocodilia at the end of the Jurassic Period ; 
and biologists needed an exact knowledge of the skeleton of these 
reptiles, before the)' could discuss the meaning of the development 
in question. The late Sir llichard Owen thought that the first 
appearance of alligator-shaped crocodiles, such as Goniopholis^ was 
correlated with the incoming of warm-blooded quadrupeds and birds, 
which would form a new kind of prey. 

Mr. E. T. Newton remarked on the interest of this specimen, in 
that it supplied for the first time the skull of Goniopholis crassv/ens, 
which species had been established chiefly on the peculiar form of 
the scutes. The skulls that llulke had described in 1878, one 
of which he thought might belong to G, crassvhns^ were now 
shown to be quite difftTcnt, and w^ould both be inclufled in the 
species G. simus, one of them having been so named by Owen. He 
alluded to the fact (first recognized by Huxley, and later on by 
Hulke) that the position of the posterior nares, far back upon 
the palate, in these Wealden crocodiles was an intermediate one 
between those of the Lower Jurassic crocodiliaiis, in which these 
openings were farther forward, and those of the Tertiary croco- 
dilians, where, by the closing-over of the pter}goid8, the nares 
came to be placed on the hinder aspect of the skull, as in recent 
crocwliles. 

Dr. C. W. Andrews congratulated the Author, both on his good 
fortune in finding such valuable material, and on the paper that he 
had read. The chief interest of the specimen described seems to be 
that it completes our knowledge of Goniopholis crassidens, and 
shows that that species is in several respects intermediate between 
G, simvs and the modern Crocodilia. Indeed, some of the characters 
distinguishing it from G, simus seem to be of sufficient importance 
to justify the separation of the latter species as a distinct genus. 

The Author, in reply, said that he agreed with tl.e last speaker 
that the characters of the nasals, palatines, and supratemporal 
fotfsiE were perhaps sufficient to separate the other described species 
from the genus Goniopholis ; but, as the teeth of all the specimens 
agreed in possessing serrations and lateral carinaj — the characters 
laid down by Owen, he thought that it was better to leave them as 
they were for the present, rather than to multiply genera. The 
Author returned thanks for all the kind remarks that had been 
made in regard to his paper and his work. 
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Ox THE DlSCOTERT OF EeMAINS OF loUANODON MANTELLI IN THE 

Weald KN Beds of Bbighstonk Bay, Isle of Wight. 
By Beginau) W. Hooley, F.G.S. 
'IIHE Iguanodm, as is well known, was discovered by Mantell, who 
1 in 1825 named it from odd teeth which had a resemblance to 
the teeth of the recent Iguana, Many isolated teeth and bones were 
subsequently found in the Wealden and Lower Green sand beds to 
which the names of /. anglicum (F. HoU, 1829) and /. mantelU 
(H. Ton Meyer, 1832) were given. It was not, however, until 
1851, when Owen described an associated group of bones on a slab of 
sandstone from the Kentish Rag (Hythe Beds, Lower Greensand) 
of Maidstone, Kent, which had been discovered by W. H. Bensted in 
1834, that the genus was to any extent known. This specimen 
has become the type of /. mantelli. In 1878 occurred the historic 
discovery of the skeletons of a number of Iguanodom in the Wealden 
beds of Bemissart, near Mons, Belgium. 

Among these, two forms were found, a small and a large. The 
former was identified us /. mantelli and the latter as a new species. 
These conclusions have been generally accepted by palseontologists, 
but the question is reopened by the discovery of the specimen now 
to be described. 

Bescrii'tion of the Specimen. — In September, 1899, while searching 
the cliff about 150 yards west of Cowlease Chine, Isle of Wight, 
I discovered several pieces of bone in the debris caused by a fall in 
the cliff. On examining that part of the cliff from which it had been 
displaced I found many bones in situ. They were lying 8 feet above 
the Mypsilophodun Bed near the base of the 19 feet of blue shales, with 
Unio and Paludma in the top and Cyrena and Paludina at the bottom, 
as mentioned in the section given in the Geological Survey Memoirs 
of the Isle of Wight, 1889, p. 15. On carefully removing the shale, 
a series of eight caudal vertebrae was found lying in connexion and 
entire, with the exception of two neural spines. In addition there 
were, anterior to these, and consecutive, two neural and one haemal 
spines. The combined length of the neural spine centrum and 
chevron of the most anterior vertebrae (? the twelfth caudal) was 
990 mm., and covered a space 863 mm. wide. On removing the 
vertebrae and clearing away the matrix I found a fine pubic bone, 
perfect except the post-acetabu!ar process, which had been broken off 
in the fall of the mass. Amongst the debris many portions of bone 
more or less fragmentary were obtained. Many of these I have been 
able to put together, the result being the centra of four caudal 
vertebrae, five neurapophyses and two haemapophyses of caudal 
vertebrae, the left ilium minus the pre-post-acetabular processes, 
portions of the right ilium and pubic bones, the sacrum, two lumbar 
vertebrae, and the posterior moiety of a third. 

Portions of the neunal spines of the last four sacral vertebrae were 
preserved. The penultimate and ultimate transverse processes of 
the right side are intact, and the bases of the remaining three. ' On 
the left side there is the full series of five, nearly perfect. This 
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section of the cliff was watched at brief intervals, and from a small 
slip at the same spot a left femur was obtained. 

The bone was broken in its fall. The upper and median trochanter 
and the posterior moiety of the inner condyle were destroyed. The 
distal end bad been much damaged while in a soft condition, the 
outer condyle being completely doubled back and the preserved 
portion of the inner condyle twisted round some distance anterior to 
its true position. Later, from the same place were obtained the right 
and left ischium. The former is perfect, but the latter has lost 
about 10 mm. of the anterior acetabular portion, the obturator 
process is bent out of position, and the shaft of the bone has been 
broken, slightly twisted (not the natural twist) and cemented in that 
position. 

The caudal vertebrae found in situ were lying at right angles to 
the face of the cliff, the posterior being innermost. Although many 
rolled and odd bones and teeth have been found, the present is the 
largest number of associated remains of Iguamdon yet found in the 
Isle of Wight. 

The Sacrum. — The sacrum possesses fivie vertebrae. The centra 
of two anterior vertebrae are iinchylosed to these, but the neural 
spines and arches are lost. These two centra exhibit on the right 
side wing-like processes placed vertically. The transverse sacral 
ribs spring from the neural arches as bars of bone, and continue thus 
to their extremities. The three posterior are fused throughout their 
length to a plate of bone. This plate between the second and third 
ribs passes inwards and unites with the centrum beneath the first 
sacral rib. This rib and the second, for the greater part of their 
length, are free from the plate and rise well above it. The exterior 
lateral border of the plate forms a deep upright wall. On a ventral 
view, this plate is roughly shield-shaped, and the width across the 
shoulder, which is situated under the third rib, nearly eq[uals the 
length of its sides. These sides have a slightly concave outline. 
The posterior border is straight. 

There are four sacral foramina. 

The Ilium. — The form of that portion of the ilium preserved is 
close to that figured by Professor L. DoUo,* and as the other bones 
are identical, there cannot be any doubt that the forms of the missing 
pre-post-acetabular extremities were similar. 

The Puhic Bone. — The pubic bone is a remarkably thin plate, the 
width at the anterior end being one-seventeenth of the depth. It 
is moderately thick near the acetabular margin, but considerably 
increases superiorly for union with the ilium. The anterior third 
of the bone is expanded into a broad circular plate, which is more 
than half as deep as in the median region of the shaft. This disc- 
like extremity is quite different from the spatulate form of that of 
/. bermssartensis. 

The Ischium, — The ischium is hammer-headed in form ; its preaxial 
end is not nearly as robust as the postaxial, which is much thickened 

^ L. Dollo, "Premiere Note sur les Dinosauriens " : Bull. Mas. R. Hist. 
Nat. Belg., vol. i, pi. ix, fig. 1. 
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for articulation with the ilium. The area between these extremities 
and the obturator process is basin -shaped. The obturator process is 
strongly developed and produced some distance from the shaft. The 
extremity is expanded and curved. The postaxial border of the 
whole bone is thicker than the preaxial, which is compressed into 
a thin edge. The shaft is twisted so that the preaxial margin 
becomes ventrally postaxial. The ventral extremity of the shaft is 
expanded pre-postaxially. 

Detebmination of the Specimen. — These remains belonged to 
an individual exceeding the dimensions of /. hernmar tenets , which 
would appear to preclude their identification with /. manUlli, 
for all the bones of the latter found either in England or at 
Bernissart have been nearly equal in size and much smaller and more 
graceful than those of /. hemissartemis. But the characters of the 
bones now being considered are identical with those which have been 
ascertained from the type fossil from Maidstone and the specimen of 
Bernissart, and leave no doubt that they are one and the same species. 
These characters are the presence of five vertebrae in the sacrum, the 
form of the pre- acetabular portion of the pubis, and the position of 
the median trochanter in the middle third of the shaft of the femur. 
The figure of the pelvic bones and femur of /. mantelli given by 
Professor L. Dollo^ admirably represents the bones under review, 
and consequently they differ from the figure (fig. 4) of the same 
bones of /. hernusartensis given on the same plate. I was surprised 
to find that no detailed description and measurements of the sacrum 
and bones of the pelvis or illustration of the sacrum of either of the 
Iguanodons of Bernissart had been published, and I recently wrote to 
Professor L. DoUo, who informed me that he was at the present time 
engaged on a monograph in which they would appear, and also that 
in reality there is only one specimen that belongs with certainty to 
/. fnantelli in the collection of Bernissart against more than twenty of 
/. hermssartensis. 

Sundry measurements have been given, and before discussing the 
questions arising from their great dimensions it will be well to 
compare them with those of the present specimen. 

The length of the pubic bone from the axis of the acetabulum in 
the several specimens is — 

I. mantelli. I. bernissartensis. 
mm. mm. 
Bernissart example * . . 400 700 
Atherfield example . . . 720 

The length of the femur — 

Bernissart examples . . 710 1080^ 
London (type-specimen) ^ . . 810 
Atherfield example . . 1158 

These figures prove a specimen of /. mantelli even greater in size 
than /. bernissartensis, and the lightness, gracefulness, and smallness 

^ L. Dollo, "Premiere Note sur les Dinosauriens '* : Bull. Mus. R. Hist. 
Nat. Belg., vol. i, pi. ix, fig. 1. 

2 Loc. cit., p. 164. 

3 R, Lydekker, B.M. Cat. Foss. Rep. Amp., 1888, pt. i, p. 202. 
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of skeleton can no longer be used ns characters separating the two 
specie**. Thus it becomes a moot point whether the differences to be 
found in the skeletons of the two forms are not after all sexual, for 
the type is too marked to be a case of individual peculiarities and the 
divergent characters do not seem sufficiently great to be of specific 
value. 

Mr. G. A. Boulenger * thought that the presence of six vertebrsB 
in the sacrum of /. hernmartenm and five in that of /. manUlli proved 
the former a difiFerent species from the latter, but M. P. J. Van 
Beneden* held that the variation in the number was only due to 
individual differences, and that the number varied in Dinosaurs from 
four to six. Professor L. DoUo* later strongly supported the 
conclusions of Mr. G. A. Boulenger, considering that the obliteration 
of the cranial sutures and of the neuro-central suture of the vei-tebrae 
and the presence of a foramen in the coracoid of the small form, 
which had obviously communicated during youth with the exterior, 
excluded the idea of making them young individuals, nnd that there' 
fore the large form could not thus represent the adult state of tlie 
small. Keither did he think that the divergences could be explained 
by individual variations, and although the smaller size, greater 
gracefulness, and the reduction of the thumb might be interpreted 
as sexual variations, the different form of the pelvis and the number 
of the sacral vertebree would not admit of this interpretation. 
Therefore he concluded that individual variations and sexual characters 
were insufficient to explain the two forms. 

With regard to the specimen of the sncrum in the British Museum, 
Ko. 37685, Hulke* many years ago doubted its belonging to /. mantelli, 
and after an examination of it I am convinced that he is correct. 

The presence of only five sacral vertebrae in the form known as 
/. mantelli may possibly be connected with the situation of the median 
trochanter in the middle third of the shaft of the femur. Such 
a position by curtailing the length of the caudo-femoral muscle would 
not allow so great a stride as in 7. bernissartensts, where it is placed 
in the lower third. The swaying of the ponderous tail would be less, 
and consequently there would be a decreased strain on the sacral 
vertebrse. In /. herntssartetms the greater stride and probably 
increased activity necessitated more rigidity in the sacral I'egion, the 
result being six instead of five sacral vertebrae in that form. 
Moreover, I suggest tiiat /. mantelli was the female and 
/. hernmartensis the male of the same species, and that this Dinosaur 
was viviparous. There is evidence that some were, for Marsh ^ declares 
that there is an embryo within the ribs of the type-specimen of 
CompsognathuSy and it is a well-known fact that among the 
Ichthyopterygia, IchthyosaurUB was. If this were the case in lyiianodon, 
the differences found in the sacrum, pelvis, and femur need no further 
explanation. The expanded preacetabular extremity of the pubic 
bone into a large circular plate in I. mantelli is strikingly different 
from the spatulate form of /, bernmartensis. Is it not possible that 

^ Vide supra. 

2 J. W. Hulke, Quart. Journ. Geol. See, vol. xxxvi, p. 447, 1880. 
^ Marsh, Amer, Journ. Sci., ser. m, vol. xxii, p. 340. 
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this expansion was an adaptation for the express purpose of insuring 
protection and support for the embryo? During the swing of the 
tail from side to side the body must have swayed in unison, and 
without a stiff lateral stop the ernbryo would have been compressed 
and distorted by constant thrust against the walls of the abdomen, so 
that injury would have occurred. 

There was no symphysial union of the pubes and ischia, and the 
pubic bone has in all the Orthopoda a decided deepening at some 
portion of its length and is directed more forward than downward. 
The inner trochanter of the femur of Iguanodon is so much more 
developed than in other genera that the vertical expansion of the 
pubis would seem to have a relation to the swaying of the viscera 
caused by the peculiar bipedal progression of the reptile. 

In the Theropoda the median symphysial union of the pubes and 
its prolongation along the lower anterior border formed, together with 
the fused ischia, a cradle for the embryo, so that an expansion of the 
pubic bone was not necessary. 

Moreover, the position near the prpximal end of the femur and 
weakness of the inner trochanter seem to show that in these reptiles 
the waddling was not nearly so great as in Iguanodon, and it is 
a question whether the Theropoda were really habitually bipeds. 
In the Sauropoda we find the same cradle-like pelvis, which would 
he more suitable for the protection of the embryo and for quadrupedal 
habits. 

If /. vianielli is the female of /. bernissartensig, then the extent of 
the nares and the length of the tibia are features which are due to 
sexual divergence. In regard to the strange circumstance that at 
Bernissart the small form was found apart from the large forms, 
it does not seem a more remarkable coincidence than that every 
specimen of /. mantelU found up to the present has been smaller than 
/. hernmartenais. 

Therefore the conclusion appears reasonable that the osteological 
variations are sexual and that I, bernissartensis is a synonym of 
/. mantelli. 

In conclusion, the evidence seems to prove — 

1. That /. mantelli attained the dimensions of /. hernissartensis. 

2. That the differences found in the forms of the pelvic bones is 
probably sexual, an adaptation for the preservation of the embryo. 

3. That /. hernissartensis is a synonym of /. mantelli. 

4. That not only the body of the Iguanodon (as shown by 
Professor L. Dollo) is a lever of the first kind, but the bones of the 
pelvis comprise one also. 

5. That the ventral expansion of the pubes and ischia was to give 
greater leverage power. 

6. That the direction and ventral separation of the pubes and 
ischia were adapted for the sagging of the visceral mass when 
adopting the erect attitude. 

7. That the prolongation and the recurving of the ischia were for 
the support of that mass when in that position. 

8. That in the Theropoda, Orthopoda (sections Stegosauria and 
Ceratopsia) the upright position was seldom assumed. 
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9. That only in the Orthopoda high specialization of the pelvis bad 
been obtained. 

10. That the pelvis of TVieeratops and Stegosauria show an incipient 
stage towards bipedal progression and not a secondary return to 
quadrupedal habits. 
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I. Introduction. 

The late Rev. W. D. Fox, of Brighsfcone (Isle of Wight), discovered 
in the Wealden Beds of Brook in that island many associated 
ornithoaaurian bones. These were acquired by the Trustees of 
the British Museum in 1882, when they purchased his important 
collection. They are numbered 11/176, and classified by Mr. li. 
Lydekker ^ under Ornithocheirus nobilis (Owen) as ' not improbably 
belonging to this species.'" In 1888 the hinder portion of the 
skull was shown by Mr. Lydekker to Mr. E. T. Newton, at the 
time when the latter was preparing his paper on ScapJior/nathus 
purdoni ; and Dr. Henry Woodward permitted it to be bisected 
longitudinally, so that Mr. Newton was enabled to describe the 
form of the brain.^ No other reference appears to have been made 
to the fossil until 1901, when the late Prof. H. G. Seeley referred 
to it in his * Dragons of the Air' (pp. 173-74), under the name of 
Ornithodesmus latidens^ and thus it became the type of that genus. 
Judging from particulars there given, one would surmise that 
a much greater portion of the skeleton once existed. At the 
present time the hinder part of the cranium is the only moiety of 
the skull to be found ; but Dr. A. Smith Woodward informs me that 
he has heard a tradition that Fox had originally the jaws of this 
specimen, and that they were lost before the collection came into 
the possession of the British Museum. 

I purpose giving details of the bones comprised in B.M. 11/176 

1 ' Catal. Foss. Eept. & Araph. Brit. Mas.' pt. 1 (1888) p. 24. 

^ According to Owen's determination, the type-specimen of Ornithocheirus 
nobilis {IHerodaciylus Owen) is a part of the second phalange of the wing- 
finger, but one of the specimens to be reviewed proves it to belong to the 
central region of the shaft of the ulna. 

3 Phil. Trans. Roy. Soc. 1887 (1888) ser. B, vol. elxxix, pp. 510-11. 
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for, with those belonging to two other individuals, obtained from 
the Wealden Shales of Atherfield (Isle of Wight), we have sufficient 
material to restore the almost complete skeleton of this reptile. 
The blocks of rock containing the latter have all been recovered 
from the sea, washed out of an enormous fall of Wealden Shales 
which occurred near Atherfield Point (Isle of Wight), in the autumn 
of 1904, the same as that which yielded the skeleton of Qoniopholis 
crassidens^ 

Particulars of the Bones included in the British Museum 
Specimen, No. R/1 76. 

Skull: The back of the skull from the centre of the orbits. Right side 
badly worn, the left and occiput well preserved. • 

Vertebrae: A cervical, much crushed, the posterior end nearly perfect. 
Fniginents of other vertebraB are to be seen embedded in the matrix adhering 
to the odd bones. The notariuin with the ultimate process of the right side 
preserved, and the left side enveloped in matrix. Five consecutive dorsal 
vertebrje follow the notariiim on the same mftss of shale* Only their ventral 
surfaces are exposed. Three and the proximal end of the fourth sacral 
vertebrae. 

Sternum: Nearly perfect. 

Humerus: The right, minus a fragrnent of the ulnar process near the 
condyle. A large portion of the left, with the radial process (deltoid crest) 
well preserved. 

Bad i us and ulna: Proximal ends, sections of the shafts, and the distal 
extremities of both bones. 
Car pals: Several. 

Metacarpals: Proximal and distal ends of wing-roetacarpal. 

Phalan ges : Fragrneuts of the wing-phalanges, proximal ends of both right 
and left first wing-phalangps. 

There are also shattered and flattened pieces of limb-bones. Where free 
from a distorted condition, the above are similar in form and measurement to 
the corresponding bones iu the Atherfield fossils. 

Particulars of the Atherfield Specimen, No. 1. 

This specimen was contained in three blocks aud a rounded 
pebble, which had become thus by attrition on the beach since its 
fall from the cliff. The three blocks combined had a length of 
540 ram. Two of those blocks fitted together precisely, but the 
third required a section (which has not been found) to connect it 
with the other two. As will be proved hereafter, the missing block 
Was originally 89 ram. long. The matrix was a very ^ne silt,, 
containing both carbonate and phosphate of calcium and iron. Its- 
hardness was extremely variable, and as the bones are of papery 
thinness and very brittle, their removal without damage was a 
matter of much difficulty. These blocks held the following bones : — 

Skull : The greater portion anterior to the orbits. 

Vertebrae: An imperfect cervical, the last two cervioals, the almost perfecli 
notarium, and the first four dorsal vertebraj. 



^ R. W. Ilooley, Q. J. G. S. vol Ixiii (1907) pp. 50-63 & pis. ii-iv. 
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Scapula : The left, minus a moiety of the hnraeral en<1. 

Humerus: The proximftl and distal ends of the rtgbt» and the distal of the 
left. As the proxitual extreiiiitT of tlie fonuer was Ij'ing with its ventral 
surface exposed, the ulnar and radial processes have been worn to their bases. 
The ooneavity between theiu is filled in b^* matrix, and oyerlain by the thin 
plate of the rentral posterior half of the right ischium. The latter bone was 
once oTerlying this end of the humerus, but pressure has squeeied that portion 
above the remainder of the ischium, so that the humerus appears to be resting 
on that bone. The removal of this fn^ment has been found impossible. 

Badius and ulna: The whole 01 the right radius and ulna, excepting 
89 mm. (the missing section) from their shafts, and slightly more than the 
proximal halves of the left. 

Pteroid : Tlie perfect right pteroid. 

Carpal s : All of both wrists, except the left lateral carpal. 

Metacarpals: The proximal end of the right-wing metacarpal, and one of 
the small right metacarpals. 

Phalanges: The oistal extremity of the first, the major portion of the 
second, and the proximal end of the third phalange of the right wing. 

Ischium : The almost perfect right ischium. 



Particulars of the Atherfield Specimen^ No. 2. 

The bones of this specimen are in one block, also obtained from 
the sea, which has likewise worn away the ends of many of them. 
That it does not belong to the blocks in specimen No. 1 is proved 
by its containing similar bones. They lie on a layer of hard blue 
limestone, but are embedded in the same matrix of silt. 

The following bones are preserved : — 

Scapula : The humeral end of the right scapula. 
Ooracoid : The perfect right coracoid. 

Humerus: The distal halves of both humeri. The dorsal surface of the 
left and the ventral of the right are exposed. 

Badius and ulna: The proximal ends of the left radius and ulna. 

Metacarpals : The distal extremity of the right and the distal third of the 
leflk wing-inetticarpals. 

Phalanges : The proximal half of the right and left first wing^phalangea. 



II. Description of the Skeleton 

The skull is nearest in outline to Pterodactylus ; but the occiput 
is square, and not rounded as in the figures and restorations of that 
genus. The extremity of the snout and the brain-case are the only 
portions of the skull that are completely enveloped in bone. 
These (two regions are connected dorsally by a triangular bar, and 
ventrally by thin band-like maxillae. The tip of the muzzle is 
truncated. Here both upper and lower jaws are moderately convex 
from side to side, and gently curved longitudinally. There is neither 
nerve-pore nor foramen visible on the upper and lower jaws. 

The upper jaw, 33 mm. from the tip of the muzzle, or above 
the seventh tooth, becomes laterally compressed — a compression 
which gradually intensifies, until at the commencement of the 
nares, the sides are decidedly concave. The dorsal outline of the 
beak makes a very acute angle with the lower jaw, which is 
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straight There is no supra-occipital crest. The parietal region 
is but slightly convex from side to side, and, compared with the 
length of the skull, extremely constricted. 

There is no longitudinal arching of the cranial platform or the 
occiput (PI. XXXVII, fig. 3), The crown and lateral borders of 
the back of the skull are semicircular, and the base concave 
(PI. XXXVIII, fig. 1). The lower outer border is produced 
posterior to the condyle. The intermediate area is deeply concave. 
The brain-capsule is very small. 

I estimate the length of the skull to have been 560 mm., and 
that of the mandibles 423 mm., which I obtain in the following 
manner. From the angles at which the proximal and distal ends 
of the humerus, radius, and ulna were lying on the blocks, the 
missing section must have been about 81) mm. long. In the 
measurements of the skull and limb-bones I have taken this to 
be the length of the lost section. This would give the humerus 
the same length as the British Museum specimen, which is 220 mm. 
long ; and, as the preserved portions of that bone in the Atherfield 
fossil are of the same size, it is no more than what would be 
expected. 

The Vacuities of the Skull. 

The External Nares. 

The external nares (PI. XXXYII, fig. 1, n.v,) begin not far from 
the extremity of the snout. They gradually expand backwards 
140 mm. Here should occur the missing section, and all further 
trace of their shape and area would be lost, were it not for a moiety 
of bone (PI. XXXVII, fig. 4, mx.n.b.) 50 mm. long and 18 mm. 
deep, attached to the inner face of the maxilla, 236 mm. from the 
end of the muzzle. This bone shows a thickening at its upper 
interior edge. The lowest portion of the anterior border exhibits a 
curved smooth outline, the extreme lower anterior boundary of the 
antorbital vacuity, for I take this fragment of bone to be the lower 
end of a maxillo-nasal process. It has on its upper extremity a 
jagged fracture, thus proving a continuation of the bone in that 
direction. Perhaps additional proof is added by the beak breaking 
across, just posteriorly to this process, the weakest place in its 
length. Again, if the narial opening was confluent with the 
antorbital vacuity, the great cavity from the anterior border of the 
nares to the anterior margin of the orbit, taken in conjunction 
with the weak premaxillar bar and attenuated maxillae, would 
appear to have been unable, without a strut, to prevent crumpling 
on a strain of the jaws in prehension, for the weight of the skull 
is distributed at both extremities. I believe that the rest of the 
maxillo-nasal bar has been destroyed, and that the nasal was not 
confluent with the antorbital vacuity. Granting this, the nasal 
opening is enormous, subtriangular in shape, slightly oblique in 
iposition, and posterior to the teeth. 

Q. J. G. S. No. 274. 2 c 
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The Antorbital Vacuity. 

The antorbital vacuity (PI. XXX VIT, fig. 2, a.o.v.) is large, 
elongately rhomboid, entirely separated from the orbit and the 
nasal opening. 

Antorbital Vacuity No. 2. 

An additional preorbital vacuity (PI. XXXVII, fig. 2, a.o.v. 2)- 
is situated in front, beneath, and confluent with the orbit. It is 
shuttle-shaped, obliquely placed, and bounded by the jugal above 
and the quadratojugal beneath. In a profile view of the skull its- 
width appears much less than it is in reality. 

The Orbit. 

The orbit (PI. XXXVII, fig. 2, 0.) is small, circular, and placed' 
very far behind the mandibular articulation. Except the narrow 
opening into the antorbital vacuity No. 2, it is entirely surrounded- 
by bone. The anterior margin is formed by the extreme proximal 
end of the jugal and a moiety of the lachrymal, the roof by the 
prefrontal and the frontal, and the posterior border by the post- 
frontal and postorbital: that is, if we take this buttress to 'include 
both these elements, as in Sphenodon,* ^ Its lower boundary is 
formed entirely by the quadratojugal, which here is hollowed as 
far as the anterior region of the orbit, where a broadening of the 
bone determines the extent of, but does not complete, the orbital, 
rim. There was no trace of a sclerotic ring. 

The Supra-Temporal Eossa. 

The supra-temporal fossa (PI. XXXVII, fig. 3, s,tf.) is deep,. 
large, and thrown open laterally, because of the supra-temporal 
arcade rising obliquely forward from the lowest point of the outer 
edge of the back of the skull. It is bounded on its posterior and 
lower borders by the squamosal and a process from that bone, and; 
anteriorly by the post-fronto-orbital buttress. 

The Infra-Temporal Possa. 

The infra-temporal fossa (PI. XXXVII, figs. 2 & 3, i.t.f,) is 
large, directed obliquely, and extends in front of and behind the 
orbit for equal distances. It is bordered above by the squamosal 
bar and the quadratojugal, and below entirely by the quadrate. 
The inner hinder border of these bones forms a rising floor under 
the posterior end of the vacuity, which prevents its full extent 
from being observed in a profile view. 

1 E. T. Is'ewton, Phil. Trans. Roy. See. 1887, ser. B, vol. clxxix (1888> 
p. 506. 
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The Bones of the Skull. 

The Premaxillae. 

The promaxilhe (PI. XXXVII, fig. 5, p.) comprise the whole of 
the upper jaw anterior to the nares, and include the whole alveolar 
tract of each side. Dorsally they are produced backwards as a 
triangular rod, which is nowhere wider than 15 mm. This bar is 
prolonged to the frontal, but to what distance they continue to 
take a share in it is not clear. The premaxillo-maxillar suture is 
apparently beneath the anterior edge of the nares. 

The Maxilla. 

The maxilla (PI. XXXVII, figs. 2, 4, & 5, mjc,) is an extremely 
thin, long, narrow bar of bone, of little depth. There is a slight 
increase in depth at each end, with the posterior extremity the more 
expanded. Here the inner dorsal margin is raised above the outer, 
and on its posterior border it is fused to the jugal. Its exterior 
surface is concave. Near the tip of the snout, and below the 
anterior end of the external nares, the inner ventral margin is 
produced inwards, as a sheet of bone, and meets a similar process 
of the maxilla of the opposite side, completely roofing the palate. 
How far backwards this plate was continued, it is impossible to 
say, on account of the lost section. The maxilla comprises the 
inferior boundary of the nasal and antorbital vacuity, and extends 
to the quadrate, without the intervention of the jugal. The 
maxilla is edentulous. 

The Nasal. 

The nasal apparently sends down a process to join that of the 
maxilla, nearly midway between the anterior end of the nasal and 
the posterior extremity of the antorbital fossa. That this is so 
seems to be proved by the presence of the maxillar process: for, 
where the nasal and preorbital opening is confiuent, as in Ftero- 
dactyltis, such a process is not found. The nasals are fused with 
the backward extension of the premaxillse into a single median 
ossification. V^hat extent of this dorsal bar they occupy is 
indeterminable. 

The Lachrymal. 

The lachrymal (PI, XXXVII, fig. 5, Z.) is situated in the upper 
anterior corner of the orbit. It looks forward into the ant- 
orbital vacuity. It is triangular, with the apex of the triangle 
pointed downwards, and bifurcated: the two branches unite with the 
upper end of the jugal, and form together an elongated foramen. 
Where it shares in the orbital rim, it is strongly convex, and, 
between here and the prefrontal, concave. 

2c2 
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The Frontal 

In the Atherfield specimen No. 1, only the extreme anterior 
end of the frontal is seen. It commences over the anterior third 
of the orbits, and here on the right side is a curious mammillated 
knob of bone (PI. XXXVII, figs. 2 & 5, b.) over the upper border 
of tlie orbital rim, which most probably was paired on the left. 
Interiorly to this boss, the surface is concave, rising into a feeble 
convexity on the summit of the cranium. The frontal unites 
with the lachrymals, prefrontals, and the premaxillar prolongation 
with a V-shaped suture, the angle being towards the occiput. 
It lies below the prefrontals and the premaxillar extension, but not 
beneath the lachrymals along the line of suture. In the hinder 
portion of the skull in the B.M. R/176 specimen, the extent of 
the frontal and the other bones of the cranial roof cannot be seen. 
The cranial platform is a quadrilateral space. 

The Post-Frontal. 

The post-frontal is situated in the corner between the orbit 
and the supra- temporal fossa. It sends down a process which, 
in conjunction with the post-orbital (if that bone be present), 
comprises the posterior boundary of the orbit. 

The Parietal. 

The parietal arches the skull between the supra-temporal fossffi. 
It is extremely constricted, so that it becomes very concave on its 
lateral borders. At its junction with the occipital area the bone is 
raised. 

The Squamosal. 

The squamosal is situated at the posterior lower angle of the 
supra-temporal fossa. It sends forward and upwards a process to 
unite with the post-fron to-orbital bar, in forming the supra- 
temporal arcade. Below, it is fused to, and rests upon, the hinder 
end of the quadrate : this forms a strong buttress, upon which the 
brain-case is supported. 

The Bones of the Occiput. 

The right side of the back of the skull in B.M. R/176 is 
destroyed, and the left below the foramen magnum is covered by 
matrix. Nor are any sutures or striae visible on the upper half, so 
fhat the extent of the bones is indecipherable. Except a vertical 
ridge from the parietal border to the foramen magnum, the 
whole region between the outer borders is concave. The parietal, 
squamosals, and paroccipitals have expanded and coalesced into 
one concave plate, with the post-temporal fossae almost obliterated. 
The occipital condyle is large, and, as usual, set at right angles 
to the skull. 
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The Vacuities of the Occiput. 

The post-temporal fossa of the left side is well exhibited. It 
is quite small^ subcircular, and placed far above the foramen 
magnum near the upper border of the occiput. The foramen 
magnum is very large. 

The Quadrate. 

The quadrate (PI. XXXVII, figs. 2, 3, & 5, Q.) is extremely long. 
It articulates with the mandibles as much as 99 mm. in front of 
the orbit. Its proximal end is remarkably robust, and so the 
overlying cranium is weak and fragile in comparison. It forms a 
third of the depth of this part of the skull. Its proximal dorsal 
half bends inwards under the supra-temporal arcade. Proximally, 
externally, it is fused with the squamosal process, between which 
and the paroccipital process it is immovably wedged. It lies under 
the squamosal, and forms the lowest angle of the posterior end of 
the skull. In the median region it is much weaker, and mode- 
rately thick ; its dorsal half loses the inward curve, and the whole 
lateral surface looks outwards. This continues to the distal end, 
where the bone again becomes more powerful, with a stout, convex, 
ventral border. Dorsally here it is anchylosed to the quadratojugal 
for 51 mm. ; proximally to this it comprises the lower boundary of 
the infra- temporal fossa. Prom the interior surface at its distal 
end a strong bar of bone extends 29 mm. upwards and backwards. 
The angle thus made with the shaft of the quadrate is occupied by 
a wing of thin bone, which has its origin 86 mm. from the articular 
end. The pterygoid probably united with the inner angle of this 
wing, as in Scaphognaihus purdoni. The type of Sc. crassirostris is 
the only specimen that clearly denotes the form of the inner side 
of the quadrate. It exhibits a corresponding wing, although the 
distal border is not a straight line, but sigmoid, and the wing is 
apparently developed to the full extent of the bone. The articula- 
tion is a plain pulley-joint, above which the quadrate unites with 
the lower angle of the posterior extremity of the maxilla. 

The Quadratojugal, 

The quadratojugal (PI. XXXVII, figs. 2, 3, & 5, Qt*.) is a thin 
moderately-broad bone, rising obliquely from the maxilla to the 
anterior termination of the squamosal bar, near the hinder border 
of the orbit. It is anchylosed to the inner side of this bar. For 
about a fourth of its length it forms the lower boundary of tho 
orbit, and for the remaining three-fourths that of the infra-orbital 
vacuity. At its lower end it is fused for 51 mm. with the quadrate 
and at its extremity with the maxilla. 



380 



MR. R. W. roOLKY ON THE 



[June i9i3» 



The Jugal. 

The jugal (PL XXXVII, figs. 2 & 5, J,) is a rod-like hollow bone, 
except at its lower end, where the inner and outer lateral surfaces 
are flat. It rises obliquely, yet feebly arched, to the lachrymal. 
Here it is bifurcated into short branches, the outer being club-shaped 
and passing backwards and downwards, forming a moiety of the 
anteilor margin of the orbit. The inner is rod-like, and connects 
with the interior border of the lachrymal. The distal termination 
is V-shaped, one branch joining a {"aised portion of the inner border 
of the maxilla and the other being fused with the interior surface 
of the quadratojugal at its dorsal edge. Its total connexion with 
the maxilla and the quadratojugal is only 5 mm. long. 

The Temporal Arcades. 

The jugal, quadratojugal, and quadrate all rise obliquely from 
the maxilla at nearly the same angle and free one from the other. 
The jugal takes no share whatever in the upper temporal arcade : 
this is formed by the quadratojugal and the squamosal bar. The 
squamosal bar overhangs externally the hinder end of both the 
quadratojugal and the quadrate. The lower temporal arcade is 
made entirely by the quadrate. 

The Palate. 

I have not thought it advisable, owing; to its hardness, to 
clear away the matrix which lies in the angle made by the 
convergence of the mandibles, for fear of fracturing this end of 
the beak. On the area of the palate exposed, there is no trace of 
the internal nasal openings, and it is too near the anterior margin 
of the external nares for them to be situated in front. 

The Mandible. 

The mandible (PI. XXXVII, figs. 1, 2, 4, & 5, rwn.) is long, and 
the symphysis short. The alveolar tracts terminate close behind 
the symphysis. The rami of 'the mandibles gradually decrease in 
depth backwards ; but their strength is maintained by a correspond- 
ing increase of the width, and at the articulations they are bulbous. 
Near the symphysis they are convex ventrally ; posteriorly they 
lose this, and become for some distance flat, with a convex upper 
and lower border. Behind the premaxillae, they lie exterior to the 
upper jaw. On their inner dorsal margin there is a depressed 
ledge, on which the maxillse rest, when the jaws are shut. Beneath 
this shelf, the bone is concave. They terminate far in advance 
of the orbits. The extent of their different elements cannot he 
determined. 
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The Teeth. 

There are twenty-four teeth in the upper, and twenty-five in 
^the lower jaw. Only twenty-three of the former are exposed, 
owing to a slight displacement of the upper jaw ; through this 
•derangement the teeth of the right dentary are covered by the 
matrix underlying the teeth of the right premaxilla, in such a 
manner that it is impossible to remove it., without endangering the 
overl3'iug teeth. The hindmost tooth on each side of the lower 
jaw is posterior to all the teeth of the upper. All the teeth inter- 
lock. They are compressed laterally and lanceolate, the smaUest 
teeth being at the tip of the muzzle; these are followed gradually 
by longer and broader teeth. The two posterior teeth on each side 
of both jaws are broader, larger, and more bluntly pointed than 
the rest. A very marked characteristic is that the last two teeth 
of the mandibles fit into semicircular slots in the upper jaw 
(PI. XXXVII, figs. 1 & 5) ; and the ultimate one of the upper 
jaw lies exterior to the lower jaw, the lateral outer surface of 
which is slightly concave to receive it but not slotted. These 
teeth, in life, must have been visible when the muzzle was closed. 
They are a little longer than the others. The indentations in the 
upper jaw give an appearance to the last tooth of being set on the 
summit of a strong process. The teeth are smooth and free from 
strias ; but, on careful examination, there is to be discovered, on 
the outer surfaces of some of them, an incipient median carina. 
The alveolar borders of the upper jaw, anterior to the slots, are 
gently convex to the tip of the snout. Those .of the lower jaw, 
immediately in front of the last two teeth, fall abruptly some 
distance below the plane of the tract occupied by those teeth, and 
from there they are feebly concave. The posterior tooth of the left 
•dentary is displaced, but attached by matrix to the surface of the 
bone near the dorsal border of the beak. This tooth is diamond- 
i>haped, both crown and base forming equilateral triangles. All 
the teeth are vertical, and planted in separate sockets. 

The Vertebral Column. 

The hinder half of a cervical vertebra in the Atherfield fossil is 
•quite similar to an example in the B.M. specimen R/176. That^ 
example is much crushed, and has been fractured and cemented 
together, so twisted that the dorsal surface of the one portion is 
followed by the ventral of the other. This is apparently the 
example figured by Seeley ^ : it is procoelous. The neural arch and 
spine are missing. In the Atherfield example the neural spine is 
fairly high and robust, and the neural arches are fiat and set at an 
•oblique angle to the spines : they overhang the centrum. The 
neural canal is large. The centrum is long and narrow, becoming 
moderately constricted in the central region. Laterally, a deep and 

1 ' Dragons of the Air ' 1901, fig. 66 & p. 173. 
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open valley traverses its length. Pneumatic foramina occur on 
each side. The ventral surface of the centrum is flat without any 
carination, slightly concave at hoth ends, and at the posteiior 
extremity hifurcated into the usual tuherous processes with the 
articular convexity between, but dorsal to them. The pre-post- 
zygapophyses arise laterally near the posterior third of the 
centrum, and are directed backwards, terminating some distance 
from the posterior articnlation of the centrum. A restored ventral 
view of this cervical is given in PI. XXXVIII, fig. 2. 

The last two cervical vertebrte have their zygapophyses laterally,, 
and centra ventrally, much waterworn. The centrum of the pen- 
ultimate is twice as long as that of the ultimate, and the neural 
spine has a greater longitudinal width ; this may be due in some 
degree to pressure, for this vertebra is much distorted by having 
been squeezed against the proximal end of the wing-metacarpal 
which was lying upon it. These vertebrae are shorter and more 
robust than the cervical above described : they appear to be 
procoelous. The neural spines are much thickened, especially at 
their dorsal extremities. The neural arches slightly overhang the 
centra. The transverse process of the left side of the last cervical 
is preserved. It shows that the transverse processes were produced 
outwards, as far as those of the notarium which follow it. They 
are sent oft* from the anterior half of the centra. These processes 
underlie the prezygapophyses, which are produced anteriorly ; they 
are situated at the base of the neural arches, in front of the neural 
spines. The postzygapophyses are directed backwards, and over- 
hang the posterior end of the centrum, thus forming a space into 
which the prezygapophyses of the following vertebra enters. The 
hinder ventral border of the last cervical on the left side has a short, 
fairly strong, posteriorly directed process, free from the articular 
surface of the centrum, the hinder extremity of which probably 
possessed an extra articular facet (exapophysis) as in Ornithostoma' 
(Pieranodon). An ovate pneumatic foramen lies under the lateral 
base of the neural arches. 



The Notarium. 

The notarium (PI. XXXVIII, figs. 3, 4, & 5) consists of six 
anchylosed vertebrae. The neural spines are fused into one 
strong ridge, which, above the first vertebra, is broader than the 
neural spine of the last cervical ; it diminishes rapidly, until half 
as thick over the second, third and fourth, expands again at the 
fifth and sixth, where it is a third greater than at the anterior end,. 
and becomes remarkably bulbous. There is no supraneural plate, 
and the surface of the bone shows no trace of such having come 
away. The dorsal outline of the fused spines is highest between 
the third and fourth vertebrae, as in Ornithostoma. The facet for 
the scapular articulation was probably beneath this, where on the 
right side there is a depression (PI. XXXVIII, fig. 3, /a.), which,. 
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however, is not seen on the left side ; but this may be due 
to pressure. The neural arches overhang the centra, forming a 
ledge along the median region of their sides. The surfaces of 
these arches are alternately concave and convex in antero-posterior 
extent. The convexities occur where the zygapophyses have fused, 
and underneath these a series of fossae are found (PL XXXVIII, 
fig. 5, F,, F,), Of these fossae that of the first vertebra is the largest^ 
the others decreasing in size to the last vertebra. Probably pneu- 
matic foramina occur within the inter-vertebral fossae, as they are 
not present elsewhere. On the dorsal surfaces of the transverse 
processes, the matrix is too hard, and they themselves are too- 
fragile, to permit of its removal, and this is so likewise between the 
hinder three ; but their ventral surfaces have been fully exposed. 
These processes arise partly from the neural arches, and partly from 
the centra. In the first notarial vertebra, as in the last cervical, 
they originate on the anterior half of the centra, and gradually^ 
extend more and more on each following vertebra, until in the fifth- 
and sixth their bases occupy the length of the centrum. They are 
entirely free, one from the other, and are directed slightly upwards. 
They are arranged in three pairs, and each pair is different in size- 
and form. The first pair are expanded at their bases and outer 
extremities, and contracted medially. The middle pair are weaker 
and shorter than the others, and their distal borders are produced 
posteriorly into a style-like process. The ultimate pair are con- 
siderably broader than the rest, are quadrate in shape, and are as^ 
long as the first pair. Their ventral surfaces are concave, with 
a curious downward turning of the anterior edge. This is also 
seen in the transverse process of the fourth vertebra. The spaces 
between the transverse processes are greatest between those of the 
first and second vertebrae ; between the others they decrease, until 
between the last two the division has become narrow. The centra 
are comparatively small ; their ventral surfaces are convex from 
side to side, and feebly concave longitudinally. The first three- 
show a lateral concavity, the last are free from any grooving. 
On the hinder, lateral, ventral borders of the centra of the first 
three vertebrae, at their point of union, occur protuberances ; thcse- 
I take to be parapophyses. 



The Dorsal Vertebrae. 

The dorsal vertebrae are six in number and amphiplatyan.. 
They decrease very rapidly in dimensions backwards. The neural 
spines are thinner, not so high, and the neural arch less expanded 
than in the notarial vertebrae. The transverse processes, instead of 
occupying a horizontal position, as in the vertebrae of the notarium,, 
at once begin to assume an upright one, until in the fourth they 
are nearly vertical. The centra are convex from side to side ; but, 
through the raising of their anterior and posterior edges, they are 
longitudinally more or less concave. 
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The Sacrum. 

Unfortunately, only the fused centra of three, and a portion of 
the fourth, sacral vertebrae are preserved. They gradually lessen 
in dimensions posteriorly. The bases of the transverse processes 
are all that remain, and it is impossible to determine the form of 
the sacrum. 

Vertebral Ribs. 
Vertebral ribs were lying among the bones near the notarinm. 
They were much waterworn. They are short, small, and hollow, 
and are two-headed as in other Omithosaurs. 

The Sternum. 

There is no stvliform anterior process of the sternum (Pi. XL, 
lig. 3) such as in all other types is greatly prolonged anterior to the 
coracoid facets. The keel is as remarkably developed as in the 
carinate birds. The anterior border is almost vertical ; although, 
ventrally, it bulges slightly in front of the coracoid articular facets. 
The longitudinal outline rises posteriorly with a sharp curve, and 
has a greater length than depth. At the posterior end it is a little 
blunted, by the breaking-away of the rind of the bone. It is very 
robust, especially at the anterior end. In the lateral median 
region it becomes gently concave. The base of a strong bony 
process occurs near the centre of each lateral border, and appears 
to have been produced upwards and dorsally to them. Although 
the edge of the lateral expansion is broken away, the converging 
surfaces of the bone are divided by so narrow a space that they 
<5ould not have been produced more than a fraction farther. 
Through this the costal facets are not seen. If they were present, 
they could only have occupied 18 mm. of the edge, for the rest of 
the border is too thin and angular for the sternal ribs to have 
articulated there. The dorsal surface is concave. There is a 
broadening of the fore part of the keel for the coracoid facets, which 
are placed below the sternal plate (PI. XL, figs. 3 & 4, cor.ar.fa.)' 
The right coracoid facet is situated 20 mm. below the sternal plate 
and 42 mm. above the ventral outline of the keel. In Seeley's 
figure of this sternum ^ the coracoid facets are incorrectly depicted 
as being on the same plane as the lateral expansions. The facets 
are oblique, the right ventral to the left. They were continued 
•on to the lateral surfaces of the keel : ventral to each is a well- 
developed wing of bone, preventing dislocation of the coracoids. At 
the posterior termination of each of these is a cavity, deternained 
by Seeley to be pneumatic foramina. This may be so, but they are 
also cavities into which the hinder point of the distal articular end 
of the coracoids entered when the movements of the wings caused 
these bones to be at their utmost posterior limit, the wallfl of these 
cavities acting as stops. The articulations are pulley -joints. I 
estimate the true length of the sternal plate to have been 65 mm., 
and the breadth 44 mm. A restored outline, of half the natural 
*ize, is given in PI. XL, fig. 5. 

1 • Dragons of the Air ' 1901, fig. 67 & p. 176, 
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The Appendicular Skeleton . 

The Pectoral Girdle. 

The scapula and coracoid are strong hones. The former is shorter 
than the latter. The scapula is fused to the coracoid ; the line of 
suture is horizontal, and both bones here are truncated. Only the 
preaxial half of the proximal end of the scapula is in union with the 
■coracoid, and here it is bulbous ; whereas the free portion is com- 
pressed dorso-ventrally, and set at right angles to the glenoid cavity. 
Its articular surface looks downwards, and forms an extra glenoidal 
surface (PL XXXVIII, fig. 7, acLar.sur,). The articular surface of 
the fused portion is oblique. The glenoid cavity is saddle-shaped. 
The dorsal surface is convex and the ventral flat, but both become 
•concave near the glenoid cavity. The bone here shows a quad- 
rangular section. The preaxial border immediately behind the 
glenoid cavity is deeply emarginate, followed by a strong convexity 
(the acromion process), and that again by a concavity to the distal 
«nd. The postaxial border is very concave over its whole length. 
The distal extremity is considerably expanded ; the vertebral margin 
has a concave facet, apparently for articulation with the notarium. 
The postaxial border of the proximal end of the coracoid is bent 
downwards into a kind of lip with a convex aiticular surface. The 
•coracoid is moderately curved. It is expanded at both ends pre- 
postaxially and compressed in the cential region of the shaft, the 
preaxial edge traversing postaxially across the bone, until at the 
sternal end it is in the centre of its ventral surface, which gives 
the appearance of a twist to the bone. Its sternal articular face is 
•concave pre- postaxially, with its preaxial border .'"produced distally 
more than the postaxial. Anterior to the glenoid surface of the 
coracoid there is a triangular inarticular portion, the apex forming 
the border of the bone. It is produced into a tubercle, between 
Trhich and the scapula is a groove, which leads into a pit or pneu- 
matic foramen, situated at the base of this triangular area, near 
the articulation. 

The Humerus. 

The proximal condyle of the humerus is of the usual Ornitho- 
saurian character, feebly convex on its articular surface, and 
Kjrescent-shaped in outline, with the horns well splayed out. Near 
the dorsal border of the preaxial side of the articular surface of 
the condyle is a strong ridge. The deltoid crest is remarkably 
developed. It springs powerfully from the preaxial border, at 
some distance below the head, and curves spirally round the bone 
until its apex is over the middle of the ventral surface of the shaft. 
This spiral curve commences 40 mm. from the proximal condyle, 
and terminates 125 mm. from it. Along its outer curve it measures 
75 mm. At its distal end it is 27 mm. above the surface of the 
«haft. This extremity is claw-like, the point directed postaxially, 
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quite different from those of the other genera where the distal end 
is more or less obtuse. The ulnar crest is moderately developed. 
Between the deltoid and ulnar crests the ventral surface of the 
bone is concave, but becomes convex as soon as the radial crest is 
passed. The shaft gradually decreases in size until, in the median 
region, it has a diameter of 22 mm. ; from here it rapidly expands 
to the extremity, where its pre-postaxial diameter is 64 mm. 
The bone here is triangular, the apex being on the median line of 
the dorsal surface. Immediately underlying the apex on the 
articulation there is a large circular opening into the shaft 
(PI. XXXIX, fig. 3, /.). A similar vacuity is found in many of 
the humeri included in the genus Ornithocheirua of the Cambridge 
Greeusand. On the preaxial side of this opening is a small, feebly- 
convex, triangular surface, on which the preaxial moiety of the 
proximal end of the ulna articulated. Ventral to it is a mode- 
rately developed trochlear joint, oblique, looking outwards, and 
forming the articulation for the radius (PI. XXXIX, fig. 3, tr.) 
On the postaxial side of the central opening is a deep valley (v.), 
which traverses the ulnar condyle diagonally, from the ulnar 
tubercle to the central pit. The ulnar tubercle is produced distally ; 
it is strong and claw-like, with a concave side facing the articula* 
tion. Two strong ridges border the valley, the upper of which 
rises vertically from the bottom of the valley, while the lower 
has a eloping face. The dorsal border of the distal end over the 
upper ridge is much compressed, buttressing the ridge, and making: 
it appear as if the edge of the bone had been doubled over. The 
distal articular extremity is beautifully preserved in the Atherfield 
specimen No. 1 (PI. XXXIX, fig. 3), and the proximal ends of 
the radius and ulna (PI. XXXIX, fig. 4) are in a like condition.. 
The median area of the dorsal surface at the distal end is much 
inflated, and slightly concave at the pre-postaxial borders. A very 
strong epiphysis (PI. XXXIX, fig. 2, ep,) overlapping the bone is 
present on the preaxial border of the ventral surface. It formed 
a support to what must have been a very large tendon, which was 
inserted in a deep cavity under the inner condyle of the trochlear 
joint for the radius. This pit is separated by a broad convex 
ridge from another, situated near, but postaxial to, the median line 
of the bone. A large pneumatic foramen is present in this cavity. 
On the postaxial border of the ventral surface, and nearer the 
distal end than the one on the preaxial, is a ridge (PI. XXXIX,. 
fig. 2, W.), the distal termination of which does not follow the 
border, but passes inwards on to the ventral surface. The ridges^ 
and valleys of the distal ventral surface give a sigmoid outline,, 
proxiraall)^ to which the bone becomes convex. The postaxial 
border of the distal end is remarkably robust, and produced 
outwards from the long axis of the bone; while the preaxial is 
parallel to it. A restoration of the right humerus is given ia 
PI. XXXTX, fig. 2. 
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The Radius. 

The radius (PI. XXXIX, figs. 5 & 6, 22.) is slightly shorter than 
the ulna, and very much less in diameter throughout its length. 
Proximally, it is.ventral to the ulna, and placed on the preaxial side. 
From here it gradually rises and crosses over the shaft of the ulna, 
until the distal end is entirely dorsal to it, and occupies the central 
half of the ulna, the remaining quarters of that hone being visible 
on each side. The proximal articulatory surfaces fit the trochlea 
on the preaxial ventral border of the distal end of the humerus. 
Proximally, the radius is compressed dorso-ventrally and expanded 
pre-postaxially. Its dorsal surface is convex, while the ventral is 
concave, and convex on its pre-postaxial border. The last-named 
quickly becomes an angular ridge, which is continued distally for a 
short distance ; then the whole bone becomes circular and rod- 
like, untU it approaches the distal end, where it gradually expands 
pre-postaxially. The distal articular end is a simple convex pulley. 
On the postaxial side of the dorsal surface of the distal end there 
is a well-developed longitudinal ridge, and the striic made by the 
fibres of a muscle traversing the bone from the preaxial border are 
visible. On the ventral surface cojitiguous to the postaxial border 
there is a longitudinal groove. 

The Ulna. 

The ulna (PL XXXIX, figs. 5 & 6, U.) is a very powerful bone. 
In the median area of the shaft it has a diameter three times greater 
than that of the radius. The shaft is straight, but an expansion 
of both articular ends gives a somewhat curved outline to the pre- 
postaxial borders. The proximal end (PI. XXXIX, fig. 4) is 
roughly triangular, the apical side being on the dorsal surface. 
There is no olecranon. On the preaxial side of the articular 
surface is a triangular area, in extent equal to a third of the 
articulation : this is weakly convex, oblit^uely placed, and looks 
ventrally. The remaining two-thirds of the articulation constitute 
a platform, which is raised above the other third and looks distally. 
In the centre of this space is a high and strong V-shaped ridge 
(PL XXXIX, fig. 4, 7?.) with the angle directed postaxially. The 
ventral branch articulates in the valley (PL XXXIX, tig. 3, v.) 
on the distal end of the humerus. Thus the overlapping dorsal 
edge of the humerus enters between the two branches, where they 
•converge at the angle. On the dorsal side of the angle of the V 
is a shallow concavity, in which the tubercle of the ulnar condyle 
of the humerus rests, and acts as a stop to any dislocation in a 
preaxial direction, as the angle of the V does in the opposite. 
Along the postaxial half of the V, and ventral to it, is a curved 
groove, in which the convex ventral border of the postaxial side of 
the humerus articulates. A pneumatic foramen is present in the 
centre of the ventral surface of the shaft, near the articulation. 
Distal to this is a high robust ridge (PI. XXXIX, fig. 6, rL\ 
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extending some distance down the bone. The crown of the ridge 
is highest near its distal termination, and its top bends over, 
forming on its preaxial side a slightly-concave surface, against 
which the radius rested. The section of the bone here, minus the 
ridge, is circular, graduaUy becoming oval in the median region 
of the shaft, and this in its turn gives place to a quadrangular 
section as the distal end is approached. At the distal end the 
bone is expanded pre-postaxially : the dorsal surface is fiat, the 
ventral concave, and the pre- and postaxial borders convex, although 
these surfaces have raised and concave areas. On the dorsal 
surface, towards the postaxial border, is a longitudinal ridge 
(PI. XXXIX, iig. 5, rt.): against it the radius lies, and is thus 
supported and stiffened by a ridge on the postaxial ventral 
surface of the proximal end, and' also by a similarly-placed ridge 
on the dorsal surface of the distal end. On the ventral side, 
near the postaxial border at the distal extremity, is a circular 
facet (PI. XXXIX, fig. 6, fa,) with a flat articular surface raised 
above the bone, placed obliquely, looking preaxially, and coutinuiDg 
distally to a convex condyle on the articulation. This forms a very 
prominent feature. The preaxial border is very deep; 40 mm. 
from the distal end its dorsal margin is produced into a wing, 
which, rapidly expanding outwards, extends to the distal end: 
here the whole border is swollen, and terminates in a tubercle 
directed distally and moderately produced. By this arrangement,, 
on the distal preaxial border an elongated concavity is formed; 
this has a roughened surface, and forms the insertion for a 
powerful tendon.^ The postaxial distal border is convex, and is 
not expanded outwards to as great an extent as the preaxial. 
As at the proximal end, the distal extremity comprises the whole 
of the pre-postaxial extent of the articulation. Here the radius 
articulates dorsally to the ulna. On the articular surface of the 
distal extremity, postaxially to the tubercle, a deep, circular, basin- 
shaped pit occurs ; this is followed by a trochlear joint extending 
to the postaxial border. The inner condyle of thid trochlea is an 
oval-shaped convexity, situated medially, with its long axis directed 
pre-postaxially. The convex outer condyle is continued obliquely 
on to the ventral surface of the shaft, where it looks preaxially. 

The Carpus. 

The carpus consists of three distinct bones — a proximal, a distal^ 
and a lateral carpal. The proximal and distal carpals are much 
wider than long, and the lateral longer than wide. The proximal 
articular surface of the proximal carpal is greater in area than the 
distal, causing the outer face of the bone on all sides, more or less, 
to slope inwards, towards the distal articulation ; in the distal carpal 
this feature is reversed, and thus there is a constriction towards 

^ For the guidance of future students of this specimen, I may mention that 
ibis area of the right ulna was accidentally ezcavated too much when the 
bones which covered it were beirg freed from the matrix. 
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the proximal articulation. All the surfaces of the carpals are- 
very complex. The preaxial border of the proximal carpal is pro- 
duced outwards into an elongated process of bone, truncated at 
its extremity. This has on its proximal surface a spherical knob 
of bone (PI. XXXIX, fig. 8, A\ which articulates in the circular 
pit on the distal articulation of the ulna (PI. XXXIX, fig. 7, A). 
The dorsal surface of this process is concave, and here occurs a 
8ubcircular pneumatic foramen. This surface articulates apparently 
with the lateral carpal. From this preaxial process on the ventral 
side the hone narrows, first showing a convexity followed by a- 
concavity, afterwards enlarging considerably in a proximal and 
postaxial direction to the border. This expansion (PI. XXXIX,. 
%. 8, C) articulates with the convex condyle of the distal end and 
the circular facet on the ventral surface of the ulna (PI. XXXIX,. 
fig. 7, (7, & fig. 6,/rt.), and in a proximal and distal direction is 
produced for the length of the distal carpal, articulating with it 
oil its inner face. The dorsal preaxial border is remarkably raised 
proximally into a strong buttress, which juts out as a wedge- 
i«haped piece of bone, anchylosed to the carpal. The butt-end of 
this wedj^e has a concave groove, in which the radius articulates. 
(PI. XXXIX, fig. 8, D). From this buttress to the postaxial. 
border the bone narrows, and the surface is mainly convex, without 
any peculiar feature. A process similar to that on the proximal- 
carpal occurs on the preaxial border of the distal, directed also 
preaxially, and possessing, on its proximal surface, a facet for 
articulation apparently with the distal end of the lateral carpal. 
On its preaxial dorsal half, for the same distance as the buttress 
for the radius on the proximal carpal, the bone is produced out- 
wards and distally in such a manner that the two form a deep- 
quadrangular cavity. Whether a sesamoid bone occupied this 
hollow it is not possible to say ; however, it is suggestive, for such 
have been found near this point in the German specimens. The 
postaxial half of the dorsal surface is nearly flat. The bone 
gradually expands from the preaxial to the postaxial border, which, 
is produced distally outwards. The postaxial border is the apex 
of an angle, formed by the conjunction of the ventral and distal 
articulatory surfaces, which gradually converge together to this 
point. The articulation for the radius on the proximal carpal is 
an elongated groove, parallel to, and near, the dorsal surface, and' 
midway between the pre-postaxial borders (PL XXXIX, fig. 8, D),. 
That for the ulna is much more complex (PI. XXXIX, fig. 8, 
-4, 5, C). It consists preaxially of a hemispherical knob {A). 
dorsal to which is a small concavity {E) ; postaxial and ventral 
to the knob is a large basin-shaped concavity {E), followed by a 
ridge, and that again by a concave surface (C), having its post- 
axial, and a portion of the ventral, margin so raised that its articular 
surface is oblique to the main articulation. This surface comprises 
the postaxial moiety of the articulation. The knob {A) fits, into 
the pit or socket on the preaxial side of the distal end of the ulna 
(PI. XXXIX, fig. 7, A), The concavity {B) articulates with the- 
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convexity on the distal end of the ulna (PL XXXIX, fig. 7, B), 
and the raised surface of the concave postaxial surface of the 
articulation (1*1. XXXIX, fig. 8, (f) articulates with the circular 
facet on the ventral surface near the postaxial border of the ulna 
(PI. XXXIX, fig. 6, /a.); while the rest of the concavity articu- 
lates with the convexity on the postaxial extremity of the ulna. 
The distal articulation of the proximal carpal, and the proximal of 
the distal carpal cannot be seen, as the bones are cemented together 
by matrix ; yet, so close are they in all perceptible characters to 
some of those from the Cambridge Greonsand, that no doubt can 
be entertained as to the similarity of their articulations. 

The distal articulation of the proximal carpal, as seen in the 
•Cambridge specimens, comprises two transverse concave surfaces 
divided by a ridge, the dorsal one being only half the extent of the 
ventral. The smaller is oblique, looking outwards, and the larger 
distally ; but, as it terminates at the distal end of the wedge-like 
prolongation on the postaxial edge of this carpal, it becomes raised 
here, and also looks outwards. 

The proximal articular surface of the distal carpal has con- 
vexities corresponding to the concave surfaces of the distal end of 
the proximal carpal. Thus a trochlear joint is formed, with a pre- 
postaxial movement. The distal articulation of the distal carpal is 
•beautifully seen in the Atherfield specimen No. 1. Nearly in 
the centre of the articulation is a very large and deep circular pit 
(PI. XXXIX, fig. 9, D), the diameter of which is 17 mm. ^ Dorsally 
to this is an elongated, narrow, shallow and concave, articular 
surface, placed obliquely, so that it looks both upwards and 
-distally (C). This takes no part in the articulation with the 
wing-metacarpal ; it is dorsal to it, and on a different plane. The 
small metacarpals articulated here. On the preaxial side of the 
central cavity and ventral to that just described, is a triangular 
area, the ventral angle of which is continued round the central 
pit; ventrally to this the bone expands, and then narrows and 
extends as a curved bar to the articulation for the small meta- 
carpals, and thus the central cavity is completely bounded. All 
these surfaces slope inwards, forming a socket (PI. XXXIX, 
fig. 9, B) in which the main proximal end of the wing-metacarpal 
articulated. In addition to these surfaces there is a quadrangular 
articular facet (PI. XXXIX, fig. 9, A) below the plane of the 
others, and more proximal, also for articulation with the wing- 
metacarpal (PI. XXXIX, fig. 10, A); but, as will hereafter be 
shown, not during flight, as that would have been impossible, and 
to perform an entirely different function. The lateral carpal is 
a small shovel-shaped bone, but may have approximated closely to 
the American forms in life, as it is slightly water worn on the side 
on which the emargination occurs in those genera. It is longer 
than wide, and has a depth of about half its length. It fits in 
between, and presumably articulates with, the two elongated pro- 
cesses thrown out, on their preaxial borders, by the proximal and 
-distal carpals. 
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The Metacarpal, 

The proximal end of the ulnar metacarpal is well seen in the 
Atherfield specimen No.. 1 (PI. XXXIX, fig. 10); and the distal 
is fairly well seen in the Atherfield specimen No. 2, Its exact 
length cannot positively be determined, for a portion of the shaft 
is missing. If we jndge from the great size of the proximal end 
and the much reduced distal extremity, and produce their borders 
at the required angles to connect them, its length would seem to 
be about 215 mm.,^ or roughly half that of the ulna : this is 
far from what it should be, if it followed the structure of the 
short- tailed forms, where the metacarpal is Dot shorter than the 
antebrachium. However, in Oimiihostoma^^ which is short-tailed, 
'the bones of the forearm [are] . . . shorter than [the] wing- 
metacarpal.' The proximal end is remarkably robust, and occupies 
the full width of the distal caipal articulation. From the preaxial 
side, the articular surface is convex for two-thirds of its extent ; 
this is followed by a deep valley, Fostaxially to this, is a flattened 
oval facet (PL XXXIX, fig. 10, A), which does not look proximally 
as the others do, but has its ventral edge raised and the dorsal 
depressed, so that its articular surface is oblique to them, and looks 
outwards and upwards. Half of its area lies outside the line of the 
postaxial border of the bone, although that border branches out 
and supports it. When the two-thirds are in articulation with 
the distal carpal, this facet is free, and thus takes no share in the 
joint. It articulates with the flattened oblique facet, proximal to 
the main articulation of the distal carpal on the dorsal surface of 
that bone (PI. XXXIX, fig. 9, A\ and then only when the meta- 
carpal is directed backwards, and is rotated in a postaxial direction. 
Such a position would be assumed in folding the wing. The distal 
articulation is an obliquely-placed trochlea ; it is very similar to 
the examples of this end of the metacarpal from the Cambridge 
Greensand, figured by Owen and Seeley. The dorsal and preaxial 
borders of the bone are moderately convex. The dorsal surface at 
the proximal end possesses a deep concavity on each side, and a 
convexity in the centre, which gradually dies away distally. The 
proximal lateral borders of the bone are much raised, especially 
on the preaxial margin. Within this area (PL XXXIX, fig. 10, C), 
the splint-like small metacarpals were situated ; their position 
is above the plane of the ulna, and in the same line as the 
radius. The small metacarpals are only preserved as fragments ; 
the proximal end of one is lying in the concavity on the dorsal 
surface of the wing-metacarpal. It is a very small rod-like bone, 
with a little thickening at the articular end pre-postaxially, and 
a convex articular surface. Their number is not known. 

^ As before mentioned, the bones of the Atherfield specimens are equal 
in size. 

* S. W. Williston, 'Bestoration of Omithosloma (Pteratkxicn) * Kansas 
Unir. Quart, ser. A, toL vi ^1897) p. 51. 
Q.J.G.8. No. 274. 2d 
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The Pteroid. 

The right pteroid (PI. XXXVI, fig. & PI. XL, fig. 1) was 
lying parallel to the radius, with its proximal end overlapping 
(15 mm.) the radius and over the position of the lateral carpal. 
The last-named bone had become displaced. The pteroid is of the 
usual whip-like form. It has a flattened expansion at its proximal 
end, tapers to a point at the distal, is hollow, of small size, and a 
fourth of the length of the antebrachium. The dorsal border of 
the expansion is convex, the ventral is compressed and fiat. The 
outer surface has pronounced longitudinal muscle-striae ; the inner 
is a very shallow concavity, in the centre of which is an oval 
foramen 9 mm. long and 4 mm. wide. 

The Wing-Phalanges. 

All the wing-phalanges are hollow. The portion preserved of 
the right first phalange (PI. XL, fig. 2, W.ph.) is 330 mm. long. 
The general form of the bone is of the usual type. The proximal 
articulation is three times the diameter of that of the centre of the 
shaft. The articular surface for the ulnar metacarpal is concave, 
and extends along the ventral half of the bone. Immediately 
dorsal to this occurs the usual epiphysis, which is more pointed, 
and directed to the dorsal side, than in other forms. Lying ex- 
ternally to this, and occupying the space between it and the 
dorsal border, there is a small and deep semicircular emargination 
(PI. XL, fig. 2, see,), bordered on the dorsal edge by an outgrowth 
of the bone, directed dorsally. In this a small rod-like bone 
(PI. XL, fig. 2, s,h,) is placed and perhaps articulated. Both right 
and left first wing-phalanges possess this bone. The proximal end 
of the right first wing-phalange preserved in the B.M. E/176 spe- 
cimen has two small, round, splint-like portions of bones, abutting 
against the dorsal half of the articulation. 

The Second Wing-Phalange. 

The second wing-phalange (PI. XXXVI, fig. 1, w.ph,) seen 
in the Atherfield specimen No. 1 is not entire, on account of the 
missing section. Both articular ends are expanded. There is a 
great variation from the other wing-phalanges in the form of the 
shaft ; the bone is triangular, the apex being on the dorsal border ; 
the preaxial and ventral surfaces are concave (the latter more so 
than the former), and the postaxial convex. It soon passes into 
this form at the proximal end, and as quickly resumes the normal 
shape at the distal. This peculiarity is not occasioned by crushing. 
The bono is much thicker than that in other parts of the skeleton. 

The Third Wing-Phalange. 

The portion recovered of this phalange (PI. XXXVI, fig. 1, 
S w.ph.) is 127 ram. long. It is convex dorsally and ventrallyj and 
conoa7e pre-postaxially. 
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The Fourth Wing-Phalange. 
1^0 trace of this wing-phalange has been found. 

The Pelvic Girdle. 
The Ischium. 

The ischium (PI. XL, fig. 6) is a deep, thin sheet of bone. 
The dorsal border is produced in front of the acetabulum. The 
posterior end sends up a spur, which comprises the lower portion 
of the posterior margin of the acetabulum. On the anterior 
ventral border of the plate of the ischium is a fissure determining 
the extent of the fused pubic bone. Xo foramen is discernible. 

Prepubic Bone. 
^0 prepubic bone has been discovered. 

The Femur. 

The femur (PI. XL, fig. 7) is long, straight and slender. Eoth 
•extremities are robust, and the median region of the shatt is 
attenuated, llie head and neck are terminal to the shaft, and 
the former is hemispherical. There is a large trochanter and a 
deep trochanteric fossa. 

The Tibia. 

A portion of the proximal end of the right tibia (PI. XXXVI, 
fig. 2, ti), 115 mm. in length, is lying with its postaxial border 
exposed, between the quadrates. The articular surface is mode- 
rately concave, with little elevation of its margins. The proximal 
end is moderately robust. The postaxial surface is concave, and 
the other surfaces are convex. The perfect bone probably almost 
equalled the femur in length. It is hollow, but the bone is 
thicker than the bones of the wing. Another portion of a limb- 
bone (PI. XXXVI, fig. 2, ti), which I take to be also a part of 
a tibia, lies across the right quadrate and the proximal ena of the 
right tibia. If it be the distal end of the same tibia, it must have 
been broken before petrifaction. There is no trace of a fibula. 

Summary of the Characters. 

Skull large, somewhat bird-like, cranium not arched longitu 
dinally, no backward projecting occipital crest, occiput concave 
and reptilian, muzzle elongated. Length of skull = 560 mm.; 
mandibles = 420 mm. The alveolar border ends in front of the 
nares and 28 mm. behind the symphysis. Number of teeth, 24 in 
the upper, and 25 in the lower jaw, all lancet-shaped, compressed 
laterally, and interlocking. Posterior teeth larger than the anterior. 
The last tooth of the upper jaw overlaps the lower, and the last 
two of the lower fit into slots in the upper jaw. All the teeth 
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are placed verticallj. No rising of the alveolar rims. Anterior 
nares large, oblique, looking outwards, near the tip of the muzzle, 
and separated from the antorbital yacuity. The antorbital vacnitj 
is the largest fossa in the skull, and not confluent with the orbits* 
Orbits very small, circular, and placed far back in the head. 
Orbital rim incomplete. No sclerotic ring. Infratemporal fossa 
oblique, extending both in front and behind the orbits. A sixth 
vacuity (infra-orbital) occurs under, and confluent with, the orbits. 
The beak, anterior to the nares, and the brain-capsule are the only 
portions of the skull that are completely encased in bone. Dorsal 
bar ridging nares and antorbital fosssB, triangular, with no lateral 
expansion. The jugal is entirely separated from the supra-temporal 
arcade, and the jugal and quadratojugal from the infra-temporal 
arcade. The jugal forms merely a small moiety of the anterior 
border of the orbit, and is connate, at its lower extremity only, 
with the quadratojugal and quadrate. The jugal, quadratojugal, 
and quadrate are directed obliquely backwards ; all connect with 
the maxilla. The quadrates articulate with the lower jaw, far in 
advance of the orbits, by plain pulley-joints. The lower temporal 
arcades are formed entirely by the quadrates. Length of sym- 
physis=70 mm. Six vertebrae in the notarium ; no. supra-neural 
plate. The transverse processes are free from each other; the 
anterior and posterior pairs are of the same length, the median 
shorter and smaller. Six free dorsal vertebrae. Sternum with a 
greatly developed bird-like keel, but no anterior spine-like pro- 
jection. Little lateral expansion of the sternal plate. The coracoicl 
articular facets overlap, and are prolonged on to the lateral surfaces 
of the keel. Badial crest of the humerus spiral, and directed 
distally. Humeral articulation with the ulna a compact hinge- 
joint; with the radius a well-developed trochlea. Radius much 
smaller than the ulna, and extremely attenuated in the median 
region of the shaft. Badius decussating the ulna, passing from a 
ventral preaxial to a complete dorsal preaxial position. Head and 
neck of femur terminal. 



III. Mechanism of the Sxxtll and Joints, and Movements 
OP THE Limbs. 

The skull is beautifully adapted to combine strength with light- 
ness. It is a mere framework of triangles, either in section, 
laterally, or at the base. It is constructed entirely on the canti- 
lever principle. One end of the cantilever carries the beak and the 
other the brain-case, with the fulcrum at the mandibular articulation. 
The position of the teeth at the tip of the long jaws is mechan- 
ically bad, as with the tension on the back of the skull, exerted 
by the necessarily powerful neck-muscles, combined with the 
weight and strain of any large prey struggling in the jaws, the 
beak would tend to break midway between the tip and the fulcrum. 
To counteract this, the premaxillar bar is triangular and the maxills^ 
are band-like, with the wide diameter vertical. These bones are 
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hollow, and are supported and braced by the maxillo-nasal bars. 
A long muzzle would seem to have been more favourable for pro- 
curing food. The use of the teeth at the extremity of such a beak 
would be great if the diet consisted mainly of fishes and the smaller 
reptilia, and was seized in flight. The teeth are admirably fitted for 
that purpose, their interlocking gin-like arrangement being perfect 
for prehension, so much so that no prolongation of an occipital crest, 
as in Ornithostoma (Fteranodan),^ to permit of a greater develop- 
ment of the temporal muscles, was necessary. This was an adap- 
tation for the same purpose by different means- Length of beak 
is seen in such birds as herons, storks, etc., which favour a like 
food, or as in the skimmer, Ehi/nchops, as mentioned by Dr. Eaton 
(loc. cit.). That the reptile dipped occasionally in the water in 
pursuit of its prey is likely, but the • power of swimming,' which 
Auckland* thought that the Ornithosauria had, could not have 
been possible, for not only were the limbs included in the patagium, 
but the elbow-joint only allowed a hinge-like movement dorso- 
ventrally, and the nature of the articulations of the carpus and the 
wing-metacarpal with the first wing-phalange precluded the back- 
ward motion required. The highly-developed keel of the sternum 
proves the reptile to have been of very powerful flight, and it is 
interesting to recall the opinion of Hermann von Meyer ^ with 
regard to the known Ornithosauria in 1859, that they could not 
have been migrating animals, because there was no keel. The 
<jvolutionof the keel had been accomplished by the Wealden Period. 
L'he position of the coracoids in flight seems to have been at right 
angles to the keel, that is, with their articular ends on the coracoid 
facets of the keel opposite one to the other, and the scapulae 
articulating with the dorsal vertebrae. The arc-shaped coracoid 
articular facets on the keel appear not to have been solely for 
purposes of flight, for the semi-revolution would weaken rather than 
strengthen the act, but to allow of the coraco-scapular arch being 
•drawn forwards. The free articular portion of the scapula at right 
angles to the coracoid moiety of the glenoid cavity probably 
gave rotating freedom to the humerus in an antero-posterior 
direction, opposite to the supero-inferior movement in the act of 
flapping the wings. The ordinary saddle-shaped glenoid cavity 
permitted a much greater freedom of movement up and down, than 
from side to side ; wherefore I suggest that the additional surface 
was primarily evolved to allow of the humerus being directed 
forward parallel with the long axis of the body, by a slight twist 
of the wings. Such a position was necessitated and assumed when 
the reptile was hanging from a rock or bough. During suspension 
the coracoids would also be drawn forwards, until their sternal 
■ends overlapped one above the other as the peculiar coracoid 
articulations permitted. Those forms that possessed the coracoid 

^ G. F. Eaton, Mem. Connect. Acad. Arts & Sci. vol. ii (1910) p. 13. 

^ W. Buckland, Bridgewater Treatise No. 6, vol. i, 3rd ed. (1858) p. 218. 

^ C. E. H. von Meyer, ' Reptil. aus dem Lithogr. Schiefer d. Jura * 1860, p. 17. 
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articular facets looking * dorsad and laterad' on an anteriorly- 
directed styliform process were certainly not adapted for this 
purpose, unless crushing has altered their position and extent. 

The elbow comprised a compact hinge-joint, with perfect rigidity 
while the limb was used in flight, and, when necessary, complete 
flexibility. The strong buttress of bone formed by the* doubling- 
over of the dorsal border of the distal articular extremity of the 
humerus seems to have originated through the great stress here 
during flight. The oblique ridge-like epiphysis on the proximal 
articulatory surface of the ulna articulated in the valley below 
the buttress, its dorsal face rested and was held under the ventral 
wall of the buttress, protecting the joint from upward dislocation.. 
The claw-like postaxial condyle of the humerus, placed against 
the facet on the postaxial side of the ulna, prevented outward dis- 
placement, and the V-shaped ridge on the preaxial moiety of the- 
articular surface of the humerus precluded inward shifting. Any 
upward, outward, or inward thrust at the elbow would not under 
ordinary usage disturb the joint. No rotating movement of the 
elbow was possible. Although the radius decussates the ulna no 
pronation or supination such as occurs in man was possible, for 
the human radius crosses in an anterior, while that of Omiiho- 
demnvLS does so in a posterior direction ; neither does the radius 
cross so far that its distal end reaches the opposite side as in man, 
nor is any rotatory motion possible, for it articulated with the 
proximal carpal in a deep transverse groove. Moreover, its flat 
ventral surface rested upon a similar surface on the dorsal side of 
tlie ulna. Such a flexibility would weaken, not strengthen the 
wing for flight. This decussation afforded a strut or support in the 
downward flap of the immense wings. 

The folding of the wing was performed by the help of the three 
joints of the wrist and that of the wing -metacarpal with the 
proximal phalange. By the particular form of the ulnar articulation 
with the proximal carpal, the first joint had the power not only of 
a hinge-like motion dorso-ventrally, but also of a peculiar turn 
in a downward and backward direction. This was achieved by 
aid of the pit-and-ball articulation, and by the articulation of the 
postaxial articular surface of the ulna, on the ventral surface of 
that bone, with the raised ventral border of the proximal carpal. 
At the median joint (a trochlea) of the wrist the only movement 
possible was pre-postaxial, and thus the reverse of that of the 
elbow which was dorso-ventral. At the distal carpal and wing- 
metacarpal joint a rotatory motion was possible. On a turning 
and bending-back of the wing the two additional artieular surfaces 
on these bones came into union, and continued the bend originated 
by the proximal joint of the wrist, in such a way that the carpus 
formed a sort of elbow enabling the wing-metacarpal and phalanges 
to take an upward position. By the aid of the distal wing- 
metacarpal and proximal phalange pulley-articulation, the distal 
portion of the wing could be carried at any inclination in a pre- 
postaxial arc. The arrangement of the first and second joints 
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of the wrist prevented either inward or outward dislocation. In 
all the forma the wing has heen made to hend posteriorly from 
the wing-metacarpal and proximal phalange-joint, but this was not 
the case here. Br. Plieninger^ considers that in Mhamjyhorhynchus 
hoJceni the chief articulation of the wing was less at the elbow 
and wrist, much more between the fifth metacarpal and wing- 
fioger phalange ; and Prof. Williston ' thinks that in Omithostoma 
there was very ' little movement in the wrist, considerable in the 
elbow, and very much in the shoulder/ 

It would be interesting to know whether the robust longitudinal 
ridge (PL XXXIX, fig. 6, ri) on the ventral surface of the ulna, 
near the proximal end, occurs in mafiy genera. Here, it appears, 
the biceps-tendon was attached, and not to the radius : for there 
is no tuberosity or cavity for its insertion apparent on the latter 
bone, if, indeed, it were not otherwise too weak to withstand the 
strain of fiexing the lengthy limb with its patagium. 

Both extremities of the ulna and the proximal end of the wing- 
metacarpal occupy the whole of the pre-postaxial diameters of the 
articulations, so that the wing was carried by the humerus, ulna, 
wing- metacarpal and phalanges, the radius only acting as a strut, 
and the small metacarpals and phalanges giving no assistance. 
Weak as are the small metacarpals, yet for all such purposes 
as suspension they would be sufficiently powerful to brace the 
manus in supporting the reptile, and their position, dorsal to the 
ulnar metacarpal, would be an aid to the grasp. Certain it is that 
the articulations of the wrist would permit the wing, when not 
extended, to be not only bent backwards parallel with the body, 
but also twisted inwards in a posterior direction, freeing it from 
all interference with the action of the other metacarpals. Prof. 
Williston thinks that, ii Omithostoma 'hung in the upright position 
when at rest, it is difficult to see where the head was stowed 
away ' (loc, cit). In Ornithodesmus it would have been easy for the 
head to be placed over or under the brachium, or drawn by the 
retraction of the neck on to the shoulders with the skull held 
upwards. 

The femur, with its terminal head and neck, could only be carried 
at right angles to the long axis of the body, and its inclusion in 
the patagium made impossible anything but a sluggish forward 
and backward motion in ambulation. The bending of the leg to 
reach the ground took place at the knee-joint in a lizard-like manner. 
In recent reptiles and mammals, where the thigh is carried at 
right angles to the body, the neck and head of the femur are 
terminal or nearly so ; and in birds and mammals, where it takes 
a vertical position, they are more or less at right angles. 

^ F. Plieninger, *Die Pterosaurier der Jura Schwabens ' Palaeontograpbica, 
vol. liii (1907) p. 208. 

" 8. W. Williston, * Restoration of Omithostoma (Pteranodon/ Kansas Unir. 
Quart, ser. A, vol. yi (1897) p. 38. 



UR. R. W. aoOLEY OX TUG 



[June 1913, 



IV. II0BPHOLO6T4 AXB Comparisons with other Sp£ciis. 

The region between the snout and the occiput is highly modified, 
beyond all analogy with any known skull of the recent or fossil 
Iteptilia. A straight dorsal outline of the beak is also found in 
Pterodactyliis^ Campylognathus, lihamphorTiynchus^ Oniithostanut^ 
and Nyctosaums. In this respect Oniithodesmus varies from Dtmor- 
2)hodon and Scaphogmihus crassirostris^ where the beak is boldly 
conyex, and approaches Sc. purdoniy where the beak has only a 
moderate convoxity and is much more elongated. The concaTe 
reptilian occiput also closely resembles that seen in this species, 
and reminds one vividly of the Lacertilia, as, for example, Lacerta 
ocellata and Varanus varitis, and the Rhynchocephalian Hatteria 
punctata. 

The Nares. 

The nares differ from those of other species in their greater area 
and close proximity to the extremity of the muzzle, although their 
position is posterior to the teeth. They are large, and situated 
near the end of the snout in Dimorphoclon ; but they are nearly 
vertical, and occar above the central lateral alveolar border. In 
Scaphognaihus crassirostris they are smaller, and have the same 
inclination and position as in Dimorphoclon, Like features obtain 
in Sc, purdoni, but they are farther from the tip of the jaws, and 
by their continuation behind the teeth approximate to Omitho- 
desmus latidens. In Rhamplioryhnchus gemminyi they are much 
reduced in dimensions, and terminate before reaching the last teeth. 
All these agree with 0. latidetis in having the nares separated 
from the antorbital fossae by a long bar. In Pterodactylus antiquus. 
Ft, kochi, and Pt. suevicus, the nares occur some distance behind 
the teeth, and are confluent with the antorbital vacuities. In 
Ornithostoma and Nyctosaurus they are very small. 

The Antorbital Vacuity. 

The antorbital vacuity is greater in extent than, and dissimilar 
in form to, that of any other species. 

The Antorbital Vacuity No. 2. 

No Ornithosaur has anything approximating to the remarkable 
infra-orbital fossa of Ornithodesinus latidens. The extraordinary 
transposition of the bones that form its boundaries gives it a unique 
character. Apparently the origin of this vacuity is the closing-in 
of the bones surrounding pear-shaped orbits, as in Dimorphodotiy 
leaving an opening below the eyes ; but the form of the bones and 
their positions are quite different. In the latter the jugal is 
V-shaped, forming the anterior and lower boundaries ; and the 
quadra tojugal is triangular, comprising a moiety of the posterior 
border, and uniting with the supra-temporal arcade, both bones 
being vertical. 
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The Orbit. 

In Dimorphodon and ScaphogtiathiLS the orbit is in front of the 
articulation of the quadrate with the mandible, and in Fterodac- 
iyltis, Ftenodracon (Lydekker), Bhamphorki/nchtis^ and Nyctosaurus 
the orbit is above that articulation. It is posterior in Omiiho- 
stoma, but in Ornithodesmus it is, relatively, more so. In the 
latter the orbit is widely removed from the anterior nares, which 
in Ptenodracon and Ornithostonia are in close proximity, much 
more separated than in Pterodactylus, and still more than in 
RhampTiorhynehug, Scaphognathus, and Dimorphodon. A great 
peculiarity is the extraordinarily-small moiety of the orbit formed 
by the jugal, and also that this should be in the anterior margin 
only — not below and behind, as would have been supposed by 
analogy with other species. So far as I am aware, there is no 
skull recent or fossil which has anything conforming to this. In 
1870 Owen^ remarked on the complete orbital rim, and that'the 
lower border was mainl}' formed by the jugal. In Ornithodesmus 
the rays or outrunners thrown out by the jugal and quadrato- 
jugal over the infra-orbital vacuity apparently represent a vestige 
of a once complete orbit. The reduction in size and the alteration 
of the position of these bones have been caused by the elongation 
of the muzzle drawing these bones forward. In Scaphognathus 
purdoni the orbital fossa is the largest aperture in the skull, and 
the bones are arranged according to the plan of Dimorphodon, 
There is no closing-in of the bones that form their boundaries, but 
the modification which eventually produced this effect in Ornitho- 
desmus was in progress. 

The Supra-Temporal Vacuity. 

The supra-temporal vacuity is greater in depth and more ex- \ 
ternally open even than in Scctphogtuithus, where it is deeper than 
in any other genus. 

The Infra- Temporal Vacuity. 

The extension of the infra-temporal vacuity, both anterior and 
posterior to the orbit, is another exceptional character. The 
nearest approach is found in Pterodactylus antiquus, where it lies 
•obliquely below the hinder half of the orbit. It is interesting to 
note that it occurs before and beneath, but not behind, in the 
Dinosaur Diplodocus. 

The Supra- and Infra-Temporal Arcades, 

The exclusion of the jugal from the upper temporal arcade, the 
extension of the quadrate to the maxilla, and the squeezing-out of 

1 B.Owen, 'Fobs. Eept. Liass. Form.' (Monogr. Pal. See.) 1870, pt. 3, 
p. 62. 
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the jugal and quadratojugal thereby are surprising characteristics, 
and isolate 0, latidem from every known family. Hermann von 
Meyer * describes the jugal of Pterodactylus lonyirostris (syn. Ft, 
antiquus) as forming the under and greater part of the anterior 
boundary of the orbit by a strong, pointed, outgrowing process. 
In Pt, scolopaciceps (syn. Fl. hochi) * lie gives an almost similar 
plan; and the jugiU in Ft. crassirostris ^ (syn. ScapTiognathvs 
crasHrostris) he describes as a four-branched bone forming the 
under half of the orbits. Thus there is no arrangement approaching 
to that which obtains in Ornithodesmu8 Icitidens; but Scaphognathus 
purdoni reveals at least an incipient stage. Mr. Newton* says that 
the jugal in this species is ' a V-shaped bone,' and that the hinder 
branch 'has its posterior edge occupied by the quadratojugal/ 
Dr. G. Baur,' in some pertinent notes on Mr. Newton's paper, 
remarks that 

• the tendency of tlie quadratojugal in Scaphognathus to separate the post- 
orbital from the jugal is very remarkable/ 

This process of the exclusion of the jugal from the supra-temporal 
arcade is apparently an adaptive result. In Oimithodesmus the 
prolongation of the facial portion of the skull is about 5J times 
that of the cranial, and in Fterodactylus antiquus, the nearest to 
it in shape, 3| times ; while in Scaphognathus crassirostris it is. 
1| times. This proportion in the two last-named permits of the 
vertical position of the jugal process, to meet the lachrymal; but 
in Ornitlwdesmus latidens the proportion of the length of the beak 
to that of the cranium is so much greater, that not only the jugal,. 
but also the quadratojugal and quadrate have become elongated 
forwards, until the entire jugal, the greater part of the quadrato- 
jugal, and the quadrate are in front of the orbit. The posterior 
production of the maxilla to the quadrate has not originated this- 
disposition of the jugal, for the position of the hinder extremity 
of the maxilla in Fterodactghis and in Scaphogiiathus is the same 
as in OrnitJiodesnms, namely, beneath the posterior third of the 
antorbital vacuity ; and this is its location in Fterodactylus antiquuSy 
Ft. kocJii, Ft. suevicus, Dimorphodon, Bhampliorhymhus^ and 
Orn{thosto7)m : it cannot be directly for the reduction of the weight 
of the skull, for in Dimorjyhodm the maximum had almost been 
attained. It must be that the prolongation of the beak, which 
was more favourable to the reptile in procuring food, has drawn 
out and displaced the jugals, the quadratojugals, and the quadrates,, 
to the extreme. The great length of the lower temporal arcades 
in antero-posterior extent is in striking contrast with their short- 
ness in Fterodactylv8y Scaphognathus, Dimorpliodon^ Ftenodracony 
Ornithostoma, and Nyciosaurus. 

^ * Reptilien aus dem Lithogr. Schiefer d. Jura' 186*0, p. 27. 

2 Ibid. p. 33. 3 Ibid. p. 41. 

* E. T. Newton, Phil. Trans. Roy. Soc. ser. B, vol. clxxix (1888) p. 505. 

« Geol. Mag. dec. 3, vol. yi (1889) p. 173. 
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The Maxilla. 

In Pterodaciylus, Rhamphorhynchus, OrniiJiostoma, and Nycto- 
saurus, the jugal and quadratojugal intervene between the maxilla 
and the quadrate, or are situated in front of the articulation of 
these bones. In Scaphognathms purdoni both the jugal and the 
quadratojugal are some distance in advance of the articular end of 
the quadrate underlying the centre of the orbit, where the maxilla 
terminates. The quadratojugal is vertical and triangular, its. 
comparatively-broad base completely shutting out the maxilla from 
the quadrate ; but here is to be seen the initial stage of the union 
of the maxilla with the quadrate, which was finally attained in 
Omithodesmus latidem. . \ .- ' . . 

The Nasal. ' . . 

The nasals in 0, latideiis have on each exterior border of the 
sigmoidal ventral surface an eave-like edge, which is evidently the 
vestige of a once greater lateral expansion. In Scaj^lwgnatlius: 
crassirostris and DimorpJiodon macronyx the nasals spread out 
as a roof over the antorbital fossae. In Scaphognathus purdoni ^ 
their extent has been thought uncertain, as the bone has come 
away from the areas of their position. On a careful examination 
of the original specimen in the Museum of Practical Geology, 
Jermyn Street, London, I found that by the grooving and the 
direction of the striae on the underlying matrix, the plan of the 
bones could be made out. The areas in question were not only 
covered by portions of the nasals and prefrontals, but also by the 
anterior ends of the lachrymals ; and the singular fact of the bone 
having come away from two such symmetrical areas appears to be 
accounted for by the outline being determined by the thickening 
and strengthening of the bones forming the upper boundary of 
the orbit, the antorbital fossa, and the dorsal ridge of the beak. The 
premaxillary bar is seen to be produced to the frontal, separating: 
the nasals. Where the latter unite with the premaxillae a channel 
occurs. The nasals are comparatively large bones. The prefrontals 
by rising processes border the orbits and meet apophyses from the 
frontal, excluding the nasals from the orbits. The main portions 
of the prefrontals are wedge-shaped, and are produced forwards,, 
terminating between the nasals and tongues sent out by the 
maxillo-nasal bars, on their union with the nasals. These maxillar 
processes are united ventrally to the anterior horns of the crescent- 
shaped lachrymals, which are situated in the upper corner of the 
antorbital vacuities, form moieties of the orbital rims, and meet the- 
ascending branches of the jugals with their posterior horns. The 
fractured edges, and the markings on the matrix, appear to prove^ 
that the frontal does not reach as far as Mr. Newton suggests. 
He thinks that it separates the prefrontals from the orbits, but it 

1 E. T. Newton, Phil. Trans. Roy. Soc. ser. B, vol. clxxix (1888) p. 505. 
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does not apparently do this for more than 3 mm. anterior to the 
fracture. The nasals thus ocjcupy their usual position interior to 
the prefrontals. Such being the case, they are situated as in 
Scaphognathus crassirostris and Dimorphodon macronyx. 

The Quadratojugal. 

The union of the quadratojugal with the maxilla, as has been 
pointed out by Dr. G. Baur,^ is a character of the Sauropoda : ho 
instances Diplodocus, It is seen in the Oriiithopoda, for Iguanodon 
reveals a like arrangement, and also in the Amphibians Chely- 
dosaurus vranyi (Fritsch) and Dendrerpeton pgriticum (Fritsch). 
The quadratpjugals of Dimorphodon macronyx and Scaphognathus 
pur^pnp :a>e- triangular plates and placed vertically, and therefore 
dilfe"t froni Ihe. quadratojugal of Orniiliodesmus latidens. In 

' lJShafiqiJiorhi(hchtis\ Oniithostoma, and Nyctosaurus they more or 

''lesd approxrmate-to this form. 

The Quadrate. 

Zittel ^ notes, as a character of the Pterosauria, that the inferior 
articular surface of the quadrate finishes in front of the middle of 
the orbit: thus, if we except Oniithostoma^ where it is slightly 
in front, Ornithodesmus latidens is quite peculiar. The manner 
of the proximal union of the pterygoids with the quadrates of the 
European forms is as yet obscure, but there is not much doubt 
that distally it is effected in both Scaphognathus and Ornithodesmus 
by means of a rod-like bar from the pterygoids. The plain pulley- 
articulation of 0, latulens is very different from the spiral groove of 
Omith ostoma ( Pteranodon). 

The Teeth. 

The arrangement of the hinder teeth is unique. Several of the 
teeth of the upper jaws of Dimorphodon and Scaphognathus overlap 
the lower jaws. The teeth in Fterodactylus antiquus and Pt, suevicus 
occur much in advance of the nares, whereas in Ornithodesmus the 
nasal openings begin near the last teeth. In the former genus the 
teeth are short and conical, thus differing from the lancet-shaped 
teeth of Ornithodesmus. These lancet-like teeth are vertically 
placed, set in the alveolar border with great regularity, and these 
•conditions, combined with their complete interlocking, constitute 
exceptional traits. The nearest approach is found in some of the 
fragments of jaws from the Cambridge Greensand that are included 
in the genus Ornithocheirus. In the type-specimen of Scaphognathus 
jjurdoni the alveoli appear to show that the teeth were slightly 
compressed laterally, and thus are nearer the dentition of Omitht- 
-desmus. 

1 Geol. Mag. dec. 3, vol. vi (1889) p. 173. 
K. A. Zitiel, ' Traite de Paleontologie ' vol. iii (1893) p. 773. 
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The Notarium. 

It is curious that in the process of development of a notarium. 
Ornkhodemus should differ so much from Ornithostoma (Pteran^ 
odon). This is shown in the absence of the supra-neural plata 
and of the fusing of the extremities of the transverse processea 
by a band-like ossification. In Oi'withostoma the scapular union 
took place on the supra-neural plate, and in Chmithodesnius on the 
fused neural spines. In the former, eight vertebrae comprise- 
this compound bone ; in the latter, six. In the former, the trans- 
verse processes of the first three vertebras are fused vnth stout 
ribs ; in the latter this feature is not seen. In Ornithostoma the 
transverse processes are of the same length ; while in Omithodesmvs 
the median pair are shorter than the others. The reason of this is 
not apparent. The st34e-like process from the posterior side of the- 
extremities of two of these may be an incipient stage of their 
fusion. 

It appears £rom the notarium of Omithodesmus latidens that the 
six anchylosed centra, described by H. G. Seeley as the sacrum of 
0. duniculuSj^ belong to the notarium. Whether they belong to 
the notarium or to the sacrum, they are specifically separated 
from the former by the following characters : — the centra of 
the first and second vertebrae are comparatively fiat and broad,, 
with a pronounced longitudinal valley on the ventral surface of 
the third to the sixth, and the last four are broader and flatter 
than the first two. The valley is absent in 0. latidens, and the 
ventral surfaces of all the vertebrae are convex from side to side 
and concave longitudinally. 

The Sternum. 

In 0, latidens alone, among all known forms, is there a carinar 
for the whole length of the sternum developed so highly, so arched^ 
and with the lateral expansions so narrowed, as to approximate very 
closely to the similar structure in birds. It would seem that the^ 
expansion of the lateral plates decreases, as in birds, in ratio to the 
height of the keel. In 0, latidens the position of the coracoid 
facets differs from that seen in birds. According to Seeley,' the 
articular surfaces * obliquely overlap, practically as in wading birds 
hke the heron.' In Ardea cinerea, as in all those birds that I 
have examined, whether in the fine series preserved in the Museum 
of the Royal College of Surgeons or elsewhere, the articular sur- 
faces of the coracoids are situated not on the keel, but on the 
anterior boder of the lateral expansion, and separated in nearly all 
forms one from the other by bone. They must necessarily be 
oblique, for the lateral expansions are so. In the heron the extreme 
inner angle of one coracoid decussates over the other, and 

^ Q. J. Gt. S. Tol. xliii (1887) p. 206. 
« •Dragons of the Air* 1901, p. 174. 
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•both are wedged into the edge of the sternal plate in such a 
manner that they cannot move farther in an inward direction. 
Moreover, the articular surface is not produced beyond them, 
and thus absolutely prevents an inward, rotating movement past 

•the keel. The only motion possible is an outward one, the sternal 
end of the coracoid sliding along in the articular groove, which 

'has projecting edges to keep it in position. In 0. latidens the 
mechanism is very different from that observed in Ardea cinerea. 
In lieu of an articulation in a straight line directed obliquely on 
the anterior margin of the sternal plate, we observe a 
semicircular free surface permitting an extraordinary rotatory 
movement of the coracoids around the anterior edge of the 
keel on to its sides; also it was possible for the sternal ends of 
the coracoids to decussate completely, and not, as in herons, only 
the inner third of the articular surface, which does not extend the 
full width of the bone. Dr. Plieninger ^ well shows how uncertain 
has been the knowledge of the exact position of the coracoid 
articulations ; he points out thiit Goldfuss located them in two 
little fosso) on the dorsal side of the sternum, and H. von Meyer, in 
PterodacUjlun^ in a similar place, on the ground of the position of the 
coracoids. In Ornithostoma^ and in yyctosaurus^ Prof. WiUiston 
says that they ' look dorsad and laterad.' The anterior process in 
both these genera projects in front of the sternum, and, being very 

• close to that characteristic of the Rhampliorhynchus type, is there- 
fore far removed from that of 0. latidem. In the examples of the 
sternum from the Cambridge Greensand described by Seeley, the 

- anterior outline of the anterior process is directed obliquely forward 
from the lateral expansions, not vertically as in O, latidens ; and 
the form and position of the coracoid facets differ. Dr. Plieninger * 
has well described the form of the sternum of both long- and 
short-tailed forms. It is quite evident from my description and 
the figures (PI. XL, tigs. 3, 4, & 5) of 0, latidens that it is 
impossible to include it within either of these two types. In the 
type-specimen of Scciphofjnathus crassiroslris ^ the form of the 
sternum cannot be accurately determined, as it is lying under the 
flattened skeleton, and the aspect is therefore probably the dorsal. 
According to Hermann von Meyer,'' the sternum appears as a 
broad rhomboidal shield with rounded ends. The sternum is not 
known in Scaphognathus 2)i('f'doni or Dimorpliodon, 

All the specimens of other genera, where the sternum is well 
displayed, can be assigned without doubt either to the long- or to 
the short- tailed forms. 

1 * Pterosaur, d. Jura Schwabens' Palajontographica, toI. liii (1907) p. 299. 

^ ' Restoration of Ornitkostoma {Pteranodoii) ' Kansas Univ. Quart, ser. A, 
vol. vi (1897) p. 42. 

3 ' Osteology of Nyctosaurit^ {NyGtodactyUis\ &c.' Field Col. Mus. Publ. 78, 
Geol. Ser. vol. ii, No. 3 (1903) p. 139. 

"» Op. supra cit. p. 298. 

^ A. Gjldfuss, Nova Acta Acad. Leopold.-Carol. vol. xv (1831) pt. 1, pis. vii 
& viii. 

^ * Eeptilien aus dem Lithogr. Schiefer d. Jura * 1860, p. 43. 
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The keel of the sternum of Ornithosaurs had apparently a totally 
•different morphological origin from that of birds. Most authors 
have thought that the anterior spine is homologous with the inter- 
<:lavicle ; some aver its homology with the episternum of crocodiles 
and the manubrium of birds. The facts certainly appear to prove 
that it is the interclavicle, primarily of dagger-like shape, and 
occupying, with its posterior end, the * primordial cleft ' of the 
sternum, and that the coracoids rested directly on the dorsal surface 
of the spine with the scapula arched in the primitive position 
towards the vertebral column. Under the influence of flight, the 
interclavicle became arched in front and gradually pushed back- 
wards, until we find it in Ornithodesmus vertically at right angles 
to the lateral expansions, instead of on the same plane, and thus 
occupying the same position as the keel in birds. As the inter- 
•clavicle bent posteriorly under the pressure, the coracoids worked 
their articular facets at first to look obliquely outwards and at last 
laterally, thus rendering possible movement from in front to the 
side, and bringing the free euds of the scapulae into conjunction 
with the neural spines of the vertebraB. 

There are several examples of the interclavicle retracting in a 
forward direction, until but a vestige remains — caused mainly, I 
believe, by the action of swimming, the limbs with their backward 
thrust stimulating the forward thrust of the ends of the coracoids, 
until they united, thereby squeezing out, as it were, the inter- 
<jlavicle. In the Ichthyosauridae the coracoids are in conjunctian 
behind, and separated in front by the interclavicle ; and in the 
Plesiosauridae the coracoids, with the exception of an anterior 
fissure, united through the greater part of their length. They 
only require the keystone of the interclavicle, which undoubtedly 
in an earlier ancestor, at least, divided both the pre-coracoids and 
the coracoids. In the Xothosauridae the coracoids unite in the 
median line, without a cleft, the vestige of the interclavicle being 
found as a keystone at the united end of the clavicles, the * omo- 
sternum ' of Hulke. In birds the articulation of the coracoids on 
the grooved antero-lateral margins of the sternum is reptilian ; while 
in Ornithosaurs it is on the interclavicle, which is neither reptilian 
nor avian, but ornithosauriJin, and a unique modification. 

The Shoulder-Girdle. 
Scapula and Coracoid. 

In ScapJiognathus, Dimorphodon^ Pterodacti/lus, and Rhampho- 
rliynchus the shoulder-girdle is more primitive than in OniithodesmtiSy 
Ornithostoma^ or Nyctosaurus^ lacking the high specialization of these 
genera, and more or less retaining a splint-like form. Remarkable 
Variation in detailed characters is found in species of the same 
genus, as, for example, Pt, suevicus and Pt. longicollum. The main 
difference between Oniithodesmus and Oniitliostoma and Nyctosaurm 
is the rather slender process in the two last-named described by 
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Prof. S. W. Williston * as found in the inner angle of the fused 
bones enclosing a foramen. He mentions, too, that a similar process 
and foramen are seen in a Cambridge Greensand example described 
by Owen,' who assigns this girdle to Pierndaetylus sedgwicH (syn. 
(hmithocJieirua sedgwieTci Seeley sp.). Dr. Plieninger * also notes its 
occurrence in Pt, mevicus. The foramen seen in these specimens is 
clearly the remnant of a cleft that once existed between this process 
and the girdle, and there is much to be said for Prof. Williston's 
suggestion that it is ^possibly a vestigial clavicle.' If I under- 
stand correctly, the line of union between the scapula and the 
coracoid in OmitJiostoma runs horizontally across the glenoid cavity. 
In that respect it is similar to Ortiiihodesmus and Nyctosaurus, and 
different from both these in the line being transverse and like a 
Cambridge Greensand example figured by H. G. Seeley.* 

The Humerus. 

The great development and spiral curve of the deltoid crest 
distinguishes Ornithoclesmus from all other genera. The only 
humeri that I can discover which have a somewhat similar spiral 
curve, although in not so great a degree, are those from the Lower 
Chalk of Bluebell Hill, Burham (Kent), in the British Museum 
(Natural History), and numbered respectively R/1936 and R/1357. 
The very high specialization of the distal end cannot be compared 
with that of any known genus. The distal end of a humerus E/37 
in the same Museum approximates to it. Distal ends of humeri 
from the Cambridge Greensand, in the Sedgwick Museum, show 
it in an incipient degree. The German forms, where the distal 
end can be examined, possess a trochlear joint with the radial 
condyle greater than the ulnar. 

The large circular foramen on the articular surface of the distal 
end of the humerus of Omithodesmug is certainly very curious. 
Possibly a synovial gland was located here. It is represented by a 
pit or depression in Omiihostoma.^ 

The Radius, 

The remarkably reduced dimensions of the radius, when com- 
pared with the ulna, form a unique character. It is an interesting 
parallel modification ' with birds. The proximal articulation is 
more specialized, and consequently differs from the simple and 
almost flat articular face of the proximal end of the radius in 

1 * Osteology of Nyciosaurus {Nyciodactyliis)^ &c.' Field Col. Mns. Pnbl. 78, 
Geol. Ser. toI. ii, No. 3 (1903) p. 140; also 'Bestoration of Ornithostom 
(Pteranodon)* Kansas Univ. Quart, ser. A, vol. vi (1897) p. 43. 

» ' Fobs. Kept. Cret. Form. * (Monogr. Pal. Soc.) 1869, Bujpjpl. i, p. 14. 

3 * Pterosaur, d. Jura Scbwabena ' PalsBontographica, vol. liii (1907) p. 268. 

^ 'The Omithosauria* 1870, pl.i, fie. 10. 

" S. W. Williston. * Osteology of Syctosaurus (Nyctodactylus), &c.' Field. 
Col. Mus. Publ. 78, Geol. Ser. vol. ii, No. 3 (1903) p. 142. 
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other genera. Probably it will be found that the decussation of the 
ulna by the radius is not peculiar to OrnithodesmtM. It certainly 
occurs among the Cambridge Greensand specimens. In the distal 
ends of the radius and ulna of FterodcictyliM campressirostris from 
the Chalk Pit, Burham (Kent), which have been figured by Owen,^ 
the radius is seen decussating the ulna. On the first plate the 
ventral, and on the second the dorsal, surfaces of both bones are 
exhibited. Seeley ' has called attention to the fact that the fossil 
in fig. 1, pi. xxiv of Owen's * Cretaceous Reptilia ' is * figured for 
the humerus ' and, further, that ' the less well-preserved bone in 
that figure exhibits the ulna in its true position behind the radius ' : 
this, I think, should read, ' the radius in its true position behind 
the ulna.' In view of the similarity of the humeri from this chalk- 
pit, there cannot be much doubt that they belonged to the genus 
Omithodesmtis. In the reconstruction of the hand of BhampJio- 
rhynchus hoTceni by Dr. Plieninger, the distal end of the radius is 
partly behind the ulna, but in all other figures of restorations the 
radius is placed at its distal end parallel with the ulna. These 
reconstructions have been made from specimens in which the 
bones are compressed and displaced. 

The fact that proximally the radius is in front of (ventral to) 
the ulna has long been known. As the distal end of the radius 
gradually worked into a dorsal position, either the proximal carpal 
expanded dorsally for the new articulation (the ulna by expansion 
at the distal end taking the place of the former radial articular 
surface), or at one period the radius articulated with a separate 
carpal, which, under the same influence, followed the radius, and 
became fused on the original dorsal surface of what is now the one 
proximal carpal bone. The latter, I think, was the case. 

The radius and ulna are not separated in the central region of 
their shafts, as in birds. 

The Ulna. 

The ulna is more reduced in the median region of the shaft, 
more expanded at the extremities, and has more highly-specialized 
articulations than in an^- other known example. The proximal arti- 
culation is far removed from the trochlear joints of the European 
and American specimens ; but some of the Cambridge Greensand 
specimens included in the genus Omithocheirus exhibit it, although 
either in an incipient or in a degraded stage. 

The Pteroid Bone. 

Dr. Plieninger ' says that, in the long-tailed forms, the pteroid 
is a short compressed rod, in the short- tailed forms slender and 
thin. Omithodesmus possessed the type of the long-tailed forms. 

* * F088. Rept. Cret. Form.' 1851-64 (Monogr. Pal. Soc.) pi. xxir, figs. 1-2 & 
pi. m, fig. 5. 

« • The Ornithosauria ' 1870, p. 45. 

* 'Pterosaiip. d. Jura Schwabens' Falaeontographica, vol. liii (1907) p. 308. 
Q.J.G.S. No. 274. 2 b 
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In NyeiosauruM^ the pteroid is greatly developed, and the proximal 
end on the lateral border has a wing-like projection at right angles 
to the shaft, which is not seen in Ornithodumus. 

As the question of whether the pteroid is the first digit or a 
Kcparate ossification is still open, it will be as well to state what 
light is cast on the point by the study of Oniithodesmus, I 
have before stated that the proximal end was overlapping by 
15 mm. the distal end of the radius. On its int/crior concave face 
there are no signs of muscle-striae, while there are on the exterior 
surface lines converging proximally and apparently continued 
round the border of the bone, the whole appearance suggesting 
that the bone was afilxed by muscular attachment. Moreover, the 
extreme proximal exterior surface is bevelled off, in such a manner 
that the edge is quite sharp; whereas, if articulating with the 
lateral carpal, it would at least be obtuse. The peculiar, large, 
oblong foramen on the inner surface is perhaps not pneumatic, 
biit rather incomplete ossification for the adhesion of the investing 
tissue. Dr. Plieninger, in common with the majority of authors, 
believes the pteroid to be a turned-back thumb, as suggested by 
Hermann von Meyer. I agree with Prof. Williston (loc, supra cit\ 
that it is * an entirely distinct ossification ' : because, if we concede 
that it is the thumb thrown back, we must explain how such a 
modification was accomplished. The thumb w^ould assuredly be the 
first digit that would be used in clinging to rocks or boughs for 
support, and thus would have no incentive to reflex, as it would 
be, on account of the wing, the nearest and best digit to set 
iu action for the grasp. We must suppose that both the ' thrown- 
back thumb ' and the wing-finger were included in the patagium, 
leaving the intermediate digits free; and, if the former were 
reflexed, why not the latter ? or, if the wiog-finger be the fourth 
finger, as it would be if the pteroid is not the thumb, why is 
not the fifth finger found reflexed, as the pull would be as great 
on the one as on the other? According to this theory, the so- 
called * pteroid * described an arc, until its present position was 
attained. There is nothing to prove that the wing-membrane was 
anything more than a fringe (if that) down the preaxial border 
of the arm, and this would not provide the powerful stimulus for 
so extraordinary a change : the stress would be so insignificant, that 
it cannot be conceived how it would be necessary as a stay, or as a 
means of stretching the narrow frill of the wing. Nor, in the 
position in which it is always found, nearly parallel to the ante- 
brachium, could it enlarge or stiffen the spread of the wing in 
flight. What, then, are the causes which by their action produced 
such an effect? We have good reason for looking upon the 
* pteroid ' as an ossified extensor-tendon : for the enormous dis- 
rupting strain on this sinew by the weight of the lengthening wing- 
digit, when cleaving the air in flight, would set up an irritation 
within the tendon itself, which would cause ossification to take 
place. Thus, naturally, the end of the ossification farthest away 

» S. W. Williston, Geol. Mag. dec. 5, vol. i (1904) p. 60. 
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from the place of attachment of the tendon would have a pointed 
whip-like extremity, by the gradual lessening of the stimulus 
towards the shoulder. 

The Carpus. 

The general form of the carpals approximates to those from the 
Cambridge Greensand, and therefore both to Omithostoma and to 
Nyctosaw^ ; but, if these two are exactly similar to those of the 
Cambridge Greensand, then Ornithodesmius differs from them in 
sundry particulars. 

The Metacarpals. 

The length of the wing-metacarpal is intermediate between the 
long- and the short-tailed forms. In no other Ornithosaur yet dis- 
covered has the branching-out process on the postaxial border of 
the proximal articulation, with its separate articulation, been noted. 
The different figures of the type-specimens seem to show, and the 
restorations by various authors do exhibit, the small metacarpals 
parallel one to the other, as in all vertebrates, and not dorsal to the 
wing-metacarpal. I am convinced that, eventually, it will be 
proved that the latter was their position in many of the forms 
restored in the former way. I have found on the distal carpal 
specimens in the Sedgwick Museum the same articular surface for 
the small metacarpals as in Ornithodesmus latidens. 

The Wing-Phalanges. 

The much-reduced dimensions of the third phalange, compared 
with the second and first, seem to suggest that the shortening of 
the distal phalange was proceeding here, as in the American forms. 
The second wing-phalange has evidently been reduced in size to 
the limit of lightness, and the form is best fitted to combine this 
with strength. The small rod-like bone (PI. XL, fig. 2, 5.6.), 
which apparently articulated within the semicircular cavity on the 
proximal end of the first wing-phalange, may be a remnant of 
the fifth metacarpal. In fact, the wing- digit has been formed by 
the union of the fourth and fifth phalanges, and the thickening 
found at both the proximal and the distal ends of the wing- 
phalanges is the vestige of that union. It is at these extremities 
that this would be found, if anywhere : for the lessening in size of 
the hones for reduction in weight would take place in the middle 
of the shafts, after the anchylosis of the extremities. By this inter- 
pretation the structure of the manus of the Ornithosaur becomes 
simpler. 

The Ischium. 

The separation ventrally of the ischium from the pubis by a deep 
notch is not found in Dimorphodon^ Ornithostomd, or Nyctosaurus, 
but agrees with that observed in Fterodactylus. 

2e2 
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The Femur. 

The terminal head and neck, the straightness of the shaft, its 
attenuation in tho median region, and its length, separate the 
femur of Ornithodesmus from those of Omithostomu and Nycio- 
saurtis. In the two last-named the head and neck are placed at 
a slight angle to the shaft, which is shorter, stouter, and more 
curred than in the lirst-named. In the high development of 
the great trochanter it resemhles Omithostoma, The femur of 
Rhamphorhynchus differs in the robustness of the neck (which is 
nearly of the same size as the head), in the divergence of the neck 
from the shaft, in the comparatively-massive build of the proximal 
end, and in the shortness of the bone. 

The femur of Pterodactylus resembles that of Bhamphorhynchus 
in the thick neck being set at an angle to the shaft, and in the 
undeveloped condition of the great trochanter ; but it differs from 
that genus and approaches Omithodesmm in the straightness 
and length of the shaft. The same thickness of the neck and 
inclination of the shaft are found in Dorj/gnathus, and apparently 
in Dimorphodon and Scciphognathus ; although in DimorpTwdon 
these characters are not well seen, for the head of the femur is 
lying within the acetabulum, and in Scaphognathus it is not well 
preserved enough to determine with accuracy. The femur of 
Omiihodesmus is separated by its terminal neck and head from 
any known genus of the Ornithosauria, and reveals a higher 
specialization. 

V. Conclusions and Classification. 

It is more than probable that, if the type-skulls of ScapTiogmthu^ 
crassirostris and Dimorphodon were not crushed, they would be 
found to possess the lizard-like occiput of Omiihodesmus. 

Although the general outline of the skull reminds one of 
Pterodactylus^ its structure differs quite fundamentally, for it is 
essentially similar to the plan of Scaphognathus and Dimorphodon. 
The separation of the nares from the preorbital fossse is found in 
each. These skulls were increasing in lightness by the enlarge- 
ment of the vacuities, and the reduction of their elements into thin 
bands and rods. The outcome of this adaptation was the severance 
of the jugal from the supra-temporal arcade, which in its genesis 
is seen in Scaphognathus purdoni and in its accomplishment in 
Omithodesmus latidens. The triangular form of the jugal in the 
former had become an attenuated hollow rod in the latter, producing 
an incomplete orbit and an infra-orbital vacuity. The separation of 
the jugal, quadratojugal, and quadrate one from the other had also 
begun. The shape of the alveoli in Sc, purdoni proves that the 
teeth were semi-elliptical, thus approximating to the laterally- 
compressed form of Omithodesmus. A vestige of the overlap of 
the teeth of 8c, crassirostris and Dimorphodon is found in Omitho- 
desmus in the last teeth of the upper jaw. The foregoing facts are 
strong evidence that the skull of Omithodesmus is the highly- 
modified skull of Scaphognathus, 
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The confluent nares and preorbital fossae of Pterodactyhis caused 
by the degradation of the maxillo-nasal bar, and the reduction in 
dimensions of all the apertures of the skull in RTiamphorhynchtis, 
show that their structure became modified in a direction opposite 
to that followed by Omithode^ynus. It is generally conceded that 
the skull of the recent Spkenodon punctatm is near the primitive 
type of the reptilian skull: Scaphognathus, Dimorphodon, and Omi- 
ihodesmus have retained its perforated character, PterodacUjlus less 
so, and Rhamphorhynchus and Ornithostoma least. The modifi- 
cations proceeding in these skulls were radically at variance. In 
Pterodactylus the maxillo-nasal bar had almost, if not entirely 
disappeared. It is said to exist in some examples of Pt. elegans 
(syn. Pt, pulchellus, according to Zittel), which demonstrates what 
had degenerated in the other species. How much significance can be 
attached to the small fragment of bone, hanging from the ventral 
surface of the posterior emd of the premaxillar extension over 
the preorbital vacuities, cannot be decided. Hermann von "Meyer 
thought it a prefrontal, which Dr. Plieninger^ considers an attrac- 
tive theory, but one that has yet to be proved. It. may or may 
not be the vestige of the arch, but certain it is that the bars have 
disappeared or contracted. Ptenodracon brevirostris^ a genus which 
must be included within the sub-order Pterodactyloidea, also retains 
the maxillo-nasal bar. 

In Rhamphorhynchm the apertures were gradually closing in. 
In Rh, longiceps * the skull retained more of the open character than 
in any other species of this genus. The obliteration of the fossae 
had proceeded farthest in the skulls of Ornithostoma and Nyctosaurus 
(syn. Nyctodactylus), In the latter the antorbital fossae had become 
quite vestigial.^ The tendency of most forms through time has 
been to reduce the size of the teeth, and lose the posterior dentition. 
In some species of RhampJiorhynchiLS the loss is seen to be in the 
reverse direction, commencing from the tip of the beak backwards. 
In Ornithostoma and Nyctosaurus the edentulous jaws prove that 
a final stage had been reached. Although there are only small 
nioieties of the jaws to reason upon, I consider that the genera of 
the Cambridge Greensand belong to the Rharaphorhynchidae. In 
some the teeth were retained, but the beaks were growing more 
attenuated and lance-like. In others the muzzle was retracting 
axially, causing the tip to deepen vertically and thicken laterally. 
The bold convexity of the dorsal outline and the depth of the 
beaks may suggest origin from Scaphognathus ; but the extremely- 
light build of that skull could not have supported at its extremity 
so heavy a weight as the obtuse ponderous tip, without buckling. 
AH these genera can be dismissed, as having no near afiinity to 
Ornithodesmus, The latter is quite outside the genus Ornitho- 
<^heiru8 : for, according to Seeley'a amended definition of the genus, 
the characters are (i) teeth prolonged anterior to the muzzle, (ii) a 

^ ' Pterosaur, d. Jura Schwabens ' PalaBontographica, vol. liii (19G7) p. 294.i, 
2 A. S. Woodward, Ann. Mag. Nat. Hist. ser. 7, vol. ix (1902) p. 4 & pi. 
fig- 3. 

' S. W. Williston, Journ. Geol. (Chicago) vol. x (1902) p. 526. 
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longitudinal ridge on the palate. The typical dentigerous pre- 
maxillsB of the Cambridge Greensand in the Sedgwick Museum^ 
although belonging to several genera, have been included in tbe 
genua OmithocJieirus^ and endowed with the characters obtained 
from the fragments of bones ; and also, on the discovery of t\i& 
edentulous jaw, Omithostoma with those pertaining to the Americau 
toothless forms. Thus Prof. Williston * remarks that not much 
remains to be known of the osteology of Omithocheirus; whereas^ 
in reality, nothing is known except the tip of the snout. Again, 
Dr. Plieninger,' following Williston, gives this classification : — 

Family: Ornitbocheiridie. Orbit, proorbital, and nasal opening coin- 
pfetel^ separated. Early dorsal vertebrae blended into the so-called 
notarium. 

Sub-Family : Ornitbocheirinae. Scapula in union with the notariunu 
Sagittal crest to skull. 
Genera: Omithocheints. Toothed. 
Pteranodott. Toothlev. 

The only character obtained from the genus OrnitJwcheirus is 
* toothed,' the family and sub-family characters are those of the 
genus Ornithostoma (Pteranodon), 

Omithodesmus is also geuerically distinct from Omithocheii-us 
sagittirostris (Owen).* The form of the teeth, the interspaces 
between them, their insertion in distinct alveoli with highly- 
raised rims, the length of the alveolar teeth, and the form of the 
rami, are quite different. 

Oniiihodeamus appears to have descended from a sub-order which 
should include Scaphognafhua and Dimorphodon, necessitating the 
withdrawal of these two genera from the Khamphorhynchidse, and 
the formation of a new sub-order. 

The three entirely varied phases of development in the skulls 
of Omithosauria give a read}* means of division into three sub- 
orders, as follows : — 

Sub-Order: Scaphognathoidea. 

Skull an open framework of bone, all fosaa very large. Nasal and 
preorbital vacuities separated. Concave lizard-like occiput. 

Sub-Order: Pterodactyloidea, 

Half the area of the skull encased in bone, all fosse moderately large. 
Nasal and preorbital vacuities confluent. Convex bird-like occiput. 

Sub-Order: Bhamphorhynchoidea. 

Skull nearly encased in bone, all fossae considerably reduced. Nasal 
and preorbital vacuities separated. Flat occiput. 

In regard to the remainder of the axial and appendicular 
skeleton, the type-specimens are mostly crushed, fragmentary and so 

^ * Osteology of Nyctosaurus, &c* Field Col. Mus. Publ. 78, Geol. Ser. vol. ii, 
No. 3 (1903) p. 168. 

' *Die Pterosaurier der Juraformation SchTrabens ' Palieontographica, 
vol. liii (1907) p. 313. 

' • F088. Kept. Mesoz. Form.' pt. i (Monogr. Pal. Soc.) 1874, p. 3 & pi. ii- 
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diversified in their natare, that the diagnosig of constant characters 
is rendered extremely difficult. The fusion of the dorsal vertebrae 
into a notarium in dmithoatoma and OmWiodesmns is absent in 
Bhamphorhynchus, Pferodactj/lus, and all other known types. The 
aiicbylosed shield-shaped sacrum is permanent throughout the 
sub-order Rhamphorhynchoidea, OmitJiostoma and Nyctosavrvs 
being of this type. In many of the examples of Pterodactylm the 
form of the sacrum is not definitely determinable. If all follow 
the type of Pt. suevtciis^ they possess a sacrum approaching the 
fused sbield-like sacrum of the Rhamphorhynchoidea. Whether 
the sacral ribs in Scaphof/naihus, Dimorphodon, and OmitJiodfsmiLS 
are free or blended is yet obscure. The number of vertebrae com- 
prising the sacrum is variable. In the Rhamphorhynchoidea the 
sacrum is avian, shield-shaped, with anchylosed ribs ; and in the 
Pterodactyloidea it is avian or reptilian, with the ribs either free 
or anchylosed. 

As fresh discoveries arise, we find that the division into long- and 
short-tailed groups is not a good one. ScaphognatJius crassirostris 
has been placed in the long-tailed group by authors, as the wing- 
metacarpal is half the length of the antebrachium, and therefore 
Sc.purdoni has followed ; but in neither is the tail known. Goldtuss 
restored the former with a short tail, and Zittel thought this correct. 
To the same sub-order Scaphognathoidea belong Sca}yhagnatlins 
with a short tail and Dimorphodon with a long ; and to the Rham- 
phorhynchoidea, Ornithostoma and Kyctosaurus with a short tail, 
and Rhamphorhynchus with a long. In the Pterodactyloidea only 
short-tailed forms occur. 

The form of the sternum in Scaphognathtis crassirostris is un- 
certain, on account of the position and state of its preservation ; 
and this element in Sc. 2^^^^'doni and Dimorphodon is undiscovered. 
The sternum of Omithodesnuis is too highly specialized to provide 
any safe guide to the probable form of that bone in the two first- 
named genera. 

The type of sternum of EhampJiorhyncJius, with its strong 
anterior styliform process possessing no true keel, and the sternal 
plate a broadly-expanded shield with square anterior borders, is 
not only common to this long-tailed genus, but also to the short- 
tailed Ornithostoma and Nyctosaurus, therefore invalidating this 
type of sternum as a peculiar feature of the long-tailed group. In 
Pterodactylus, as exemplified by Ft. sueviciiSj there is an anterior 
spine, but no true keel; and the sternal plate is semi-elliptical, 
with its anterior borders rounded. 

The scapula and coraooid in the early genera of the Scapho- 
gnathoidea were not fused ; but later they became so, as shown by 
Ornithodesmus, and in the Rhamphorhynchoidea by Ornithostoma, 
In the Pterodactyloidea no genus is known in which these bones 
are anchylosed. 

The humerus is crushed in all the type-specimens, and this may 
have had some effect in splaying out the deltoid crest : for probably 
in all it had originally a slight inward curve. Such a curve is seen 
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in a left humeras of Ornithostoma (Pteranodon)} In Scaphognathta, 
Dimorphodon^ DorygnathuSy and PterodacU/lus it spreads out as a 
wing from near the head of the bone. The two first-named have 
the superior border concave, and the two last-named convex and the 
wing deeper. In WiampTMrhynchus, Omiiliosioma, and Nf/ctosaums, 
the deltoid crest is placed near the proximal end of the humerus ; 
it rapidly constricts, and broadens at the tip into a deeply-obtuse 
extremity. In Omithodesmus it arises from below, and curves 
spirally downwards. We have thus four well-marked types. The 
species which come within these types are : — 



Type of 
BhAmphorhynohns : 

Rh. gemmingi. 
Rh. muen$teri. 
Rh. kokeni. 
Ornithostoma ingens, 
Ngcto9auru9 gracilis. 



Type of 
Orsithodesmus : 

O. latidetu. 

O. cluniculus (?) 

Humeri from the 
Lower Chalk of 
Barham (Kent) 
in the British 
Museum (Natural 
History). 



Type of Type of 

Bcaphognathua : Pterodaotylus ; 

Sc. purdoni (?) Pt. antiquus, 
Vimorphodon PL suevicus. 
macronyx. Pt. longieollum. 

Pt. elegant (syn. 

Pt.pulchellus). 
Pt. (pectabilis. 
Pt. mediu*. 

Campylognathus zitteli. 
Dorggnaihue hathensis. 
Ptenodracon hrevirottrit (?) 

The ScapJwgnathus type differs from the Ornithodemtus type: tor 
the reason that we behold in Scapliognatlms the beginnin*^, and in 
Ornithodesmus the end, of a high specialization ; to the same cause 
is probably due the fact that the deltoid crests of the humerus of 
Campylognathua and Dorygnathus are closer to the Pterodactylm 
than to the Rhamplwrhynchus type. 

The bicipital crest of the early forms is prominently produced 
outwards, and in the later very much reduced: for example, in the 
Scaphognathoidea,iS(;a/>Ao^wrt<^iwand Orwi'/Aoc?e«ww«; in the Kham- 
pborhynchoidea, EhamphorJiyncJius and Ornithostoma. 

All these genera, so far as can be discerned, possess trochlear joints 
at the distal articulation of the humerus, and nothing approaching 
the complicated specialization of this joint in Ornithodesmus, 

The equal dimensions of the ulna and radius in the early 
examples did not persist; the radius gradually became the smaller, 
especially in the central region of the shaft. The proximal articn- 
latory surface of the radius evolved from a general flat area to 
two concavities divided by a ridge, for the trochlear surface of the 
humerus. The distal articulation remained a simple pulley. 

The decussation of the ulna by the radius will probably prove to 
be common to more than one genus : for instance, in some of the 
Cambridge Greensand, Chalk, and American genera. 

The foramen which pierces the isohio-pubic plate of most species 
does not occur in Orrdthodesmus, 

' G. V. Eaton, • Osteology of Pttranodon * Mem. Conn. Acad. Arts & Sci. 
vol. ii (1910) pi. XX, fig. 4. 
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The pre-pubio bones of Scaphognaihus and Omithodesmus were 
probably spatulate, as in Dimorphodon. If so, they differed from 
the fan-shaped form characteristic of Pterodactt/lus, and from the 
curved band-like form seen in MJiampJiorhynchus^ Ornithostoma, and 

The terminal head and neck of tbe femur and the straight shaft 
in Omithodesmus separate it from all other genera, where the head 
and neck are more or less inclined away from the shaft, which was 
more or less curved. In late forms the great trochanter became 
very robust. 

The bones of the foot in most of the type-specimens are either 
imperfectly preserved, or not discovered. 

The widely-divergent characters of Omithodesmus from all 
known types make it necessary to form a new family, the 
Ornithodesmidse. I offer, as best denoting our present know- 
ledge, the following classification : — 

I. Sub-Order: Scaphognatholdea^ 

Skull an open framework of bone, all fossaB very large. Nasal and 
preorbital vacuities separated. Concave lizard-like occiput. 

Familj: Scaphognathidse. 

Skull short, not produced into a rostrum. Jugal V-shaped, and united 
with the suprateoiporal arcade. Dorsal vertebrsB not fused into a notarium. 
Sacral ribs not anchylosed. Long or short tail, l^eltoid crest of humerus 
wing-like, with the superior border concave. Wing-raetacarpal shorter 
than half of the forearm. ? Pre-pubic bones spatulate. 

Sub-Family: Scaphognathinae. 
Short tails. 
Genus: Scaphognathits, 

Sub-Family: Dimorphodon tinse. 
Long tails. 

Genus : Dimorphodon, 

Family: Orn rthodesmida. 

Skull elongated. Six lateral fossas present. Orbits incomplete. Jugal 
separated from the upper, and the jugal andquadratojugal from the lower, 
temporal arcades. Maxilla united with the quadrate, without tbe inter- 
vention of the jugal or the quadratojugal. The last tooth of the upper jaw 
overlaps the lower jaw, and the last two of the lower fit into slots in the 
upper. Notarium present, consisting of six vertebrae. No supra-neural 
plate. The first and last pair of transverse processes are equal in length, 
the median pair shorter, all distallj unanchylosed. Sternum with a 
large median keel, no anterior spine-like projection, a small lateral ex- 
pansion of the sternal plate, coracoid articular facets overlapping each 
other and prolonged on to the lateral surfaces of the keel. Deltoid crest 
of humerus spiral. Badius decussating the ulna distally. Wing-meta- 
carpal equal in length to half of the forearm. 

Genus Orniihodesmus. 

Nares posterior to all teeth. Orbits far behind the quadrato-mandibular 
Articulation. Teeth lancet-shaped, compressed laterally, vertically placed, 
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■et with great regularitj in the alveolar border, showing little yariation 
in etze, interlocking. Six free dorsal Tertebrae. Humeral articulation 
with the radius a well-developed trochlea, with the ulna a highly- 
specialized hinge-joint dorsal to the radius. 8haft of radius very 
attenuated, tiuiall metacarpals articulating with the carpus dors&lljr to 
tlie wing-metacarpal. Keck and head ot the femur terminal, stiaft 
straight. 

IL Sub-Order : Pterodacljloidea. 

Half the area of the skull encased in bone, all fosse moderately large. 
Nasal and preurbital vacuities confluent. Convex bird-like occiput. 

Family: Pterodactyiidae. 

Skull bird-like, with a long or sliort muzzle. Dorsal Tertebrse not 
fused into a notarium. Sacral ril)s tree (I^t. antiquus) or anchyloaed 
(Pt wevicus). Tail short. Sternum semi-elliptical, with an anterior 
spine. Scapula and coracoid separate. Humeral crest wing-like, with 
the superior border convex. Wing-metacarpal greater than half the 
length of the ulna. Pre-pubic bones fan-shaped. 
Genus: Pterodctctylws, 

Sub-Family: Ftenodraconinae. 

Skull short. Preorbital and nasal vacuities separated. 
Genus: Ptenodracm. 

III. Sub-Order: Shamphorhyndioidea. 

Skull nearly encased in bone, all fosses considerably reduced. Nasal 
and preorbital vacuities separated. Occiput flat. 

Family: Bhamphor hynchidie. 

Skull without a supraoccipital crest. Jaws toothed. Dorsal vertebrie 
not fused into a notarium. Sacrum a shield-shaped anchylosed mass, with 
loramina. Long-tailed. Sternum rhomboidul, anterior spine, no keel. 
Deltoid crest of humerus constricted medially. Wing-metacarpal less 
than hair the length of the ulna. Pre-pubic bones band-like and curved. 

Genera: Dorygnathus. I Bhamphocephalits. 

Campylognalhut, \ Bhamphorhynchua. 

Family: Ornithostomatidse. 

Skull with prominent supra-occipital crest. Jaws edentulous. Short- 
tailed. Scapula articulating with the notarium. Wing-metacarpal longer 
than the ulna. 

Genus: Oniithontoma (Pteranodon) , 

Bub-Family: Nyctosaurinse. 

No supra-occipital crest to skull. Edentulous. Tail short. Scapula 
not articulating with the early dorsal vertebras. 
Genus: Nyctomurus (Nyctodactylus) . 
No antorbital vacuity. 

Family: OrnithocheiridsB. 

Longitudinal ridge on the palate. 

Sub-Family: Ornithocheirinse. 

Teeth prolonged anterior to the palate. 
Genus: Oniithocheirus, 
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YI. Measurehents in Millimetres. 

Breadth of the muzzle 25 mm. from the tip . 40 

Depth of the same at the same point 40 

Breadth of the skull at the centre of the upper border of the 

orbits 36 

Breadth of the skull at the posterior end of the maxillae 99 

Depth at the same point 83 

Breadth of the cranial roof between the supra-tomporal pits ... 16 

Breadth of the skull between the centres of the squamosal bars. 90 

Oreutest breadth of the brain-capsule 58 

Depth of the supra-tomporal pits from the cranial roof to the 

squamosal bar 35 

Depth of the occiput, summit to lowest outer angle of quadrate. 62 

Width of the occiput across the foramen magnum 73 

•Commencement of anterior nares from the tip of the beak ...... 95 

Breadth at the same point 9 

Breadth at 140mm. from the tip of the muzzle (line of fracture). 20 

Vertical diameter of the orbits 30 

Jbitero-posterior diameter 38 

Length of the infra-orbital Tacuities 80 

Greatest breadth of the same 12 

Length of the infra-temporal vacuities 95 

Breadth of the same 17 

Distance of the quadrate articulation in front of the orbits 99 

Depth of the sauie below the dorsal outline of the beak 89 

Depth of the palate, below the dorsal outline of the beak, 51 mm. 

from the anterior border of the nares 28 

height above the ventral edge of the mandibles when the jaws 

are closed, 51 mm. from the anterior border of the nares ... 26 

Length of the alveolar tract of the up]>er jaw , 85 

Length of the alveolar tract of the lower jaw 94 

Length of the anterior teeth 8 

•Greatest breadth of the same 4 

Length of the posterior teeth 7 

Greatest breadth of the same 7 

Length of the mandibular symphysis 70 

Length of the'centrum of a cervical vertebra 53 

Width between tlie exterior borders of the prezygapophyses of 

the same 40 

Width between the exterior borders of the postzygapophyses of 

the same 48 

Length of the dorsal edge of the notarium 110 

Length of the ventral edge of the same 105 

X«ngth of the centrum of the first dorsal vertebra 14 

Length of the scapula, from the glenoidal cavity 90 

Depth of the distal end of the same 23 

Pre-postaxial diameter of the scapula : humeral end 40 

Ditto: coracoid 33 

Length of the coracoid 113 

Antero-posterior diameter of the sternal end of the coracoid ... 27 

Ditto, centre of shaft 6 

-Length of the humerus (proximal to distal condyle) 220 

Pre-postaxial diameter of the proximal end of the same 51 

Ditto, centre of shaft 22 

Ditto of the distal end 64 

Spiral curve of deltoid crest begins below the proximal articu- 
lation of humerus 40 

Length of the same along its outer curve 75 

Depth of the same from the distal point to the shaft of the 

humerus 27 
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Fre-postaxial diameter at the proximal end of the radius 30 

The same at the distal end 38 

The same at the centre of the shaft 7 

Pre-postaxial diameter of the proximal end of the ulna 60 

The same at the distal end 52 

The same at the centre of tbe shaft 19 

Length of the pteroid 96 

Breadth of expansion at the proximal end of the pteroid 10 

Length of the lateral carpal 25 

Pre-postaxial diameter of the proximal carpal 49 

Pre-poetaxiaL diameter of tbe distal carpal -43 

Length of the carpus 28 

Pre-poBtaxial diameter of the proximal end of the wing- 

metacarpal 56 

Length of portion of the proximal end of the first wing-phalange, 

Atherfieid specimen No. 2 318 

Dorso-rentral diameter of the proximal end 54 

Dorso-yentral diameter of the distal end 44 

Dorso-ventral diameter of the proximal end of the second wing- 
phalange 44 

Length of the proximal portion of the third wing-phalange, 

Atherfieid specimen No. 1 127 

Length of the sternal plate 65 

Breadth of the same 45 

Length of the keel 70 

Depth of the same 60 

Depth of the ischium from the acetabulum to the anterior 

yentral angle 76 

Length of the femur as preserved. (Distal end slightly water- 
worn, but showing thickening for the articulation.) 200 

Pre-postaxial diameter of the centre of the shaft of the femur. .. 9 

Dorso-rentral diameter of the .same 12 

Q^e following measurements have been obtained by accepting 89 mm. 
as the length of the missing block from Atherfieid specimen No. 1 : — 

L€ngth of the skull 560 

Length from the tip of the muzzle to the centre of the orbits . . . 500 

Length of the mane libles 423 

Length of the radius 368 

Length of the ulna 381 

Length of the first wing-phalange 393 

Length of the second wing-phalange 388 

Estimated spread of wing, from tip to tip, and allowing 

for the natural curve about 5 metres. 

I have much pleasure in acknowledging the ever-ready assistance 
in the preparation of this paper afforded to me by Dr. A. Smith 
Woodward, F.R.S., and Dr. C. W. Andrews, F.R.8. 

Bibliographies are to be found in : — 

E. T. Nbwton, * On the Skull, &c. of Scaphognathits purdoni ' Phil. Trans. 

Koy. Soc. ser. B, vol. clxxix (1888) p. 503. 
K. A. ZiTTBL, * Traits de Pal6ontologie ' vol. iii (1893). 

F. PliMnoer, *Die Pterosaurier der Juraformatiun Schwabens* Palas- 

ontographida, vol. liii (1907) pp. 210-17. 
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KXPLANATIOX OF PLATES XXXVI-XL. 
Platb XXXVI. 

[The right-liand block in figs. 1 and 2 is liere exhibited with the matrix 
•removed at a different angle from the other block. This block requires a half- 
turn to put the portions of bones thereon in their true connexiou with those 
•on the other block.] 

Pig. 1. Upper view of Atherfield specimen No. 1, partly cleared of matrix: 
/Sh., snout ; pr.b,^ premaxillar bar ; dorsal border of the no- 
tarium ; r6., rib; i*c., scapula ; ha»r.f distal end of right humerus; 
r.r., right radius ; u,r., right ulna ; hit J,, distal end of left humerus ; 
r.l., left radius ; m./., left ulna : p.cp,, proximal carpal ; pt., pteroid ; 
la.cp,, lateral carpal ; w.mc, proximal end of winff-metacarpal ; 
MC.f portion of one of the small metacarpals ; J.w.ph,, distal end 
of the first wing-phalange ; 2,w.ph.^ second wing-phalange; S.w.ph,, 
proximal half of the third wing-phalange. B.M. B/3877. X about 
2. Nether view of Atherfield specimen No. 1, partly cleared of matrix: 
!Sn.t ventral view of snout; lax.p.^ inner view of maxillo-naaal 
process; portion of the mandible; Q.r.^ portion of right 

quadrate ; Q.l.t portion of left quadrate ; c.t;., cervical vertebrae ; 

notariuui ; 6*., dorsal vertebraie ; A.r., right humerus; «.r., right 
ulna ; hit.Lf left humerus ; r.l., left radius ; left ulna ; sc., 
scapula ; p.cp., proximal carpal ; d.cp., distal carpal ; l.cp., lateral 
carpal ; w.uic, proximal end of wiug-metacarpal ; Isch., ischium ; 
/., lemur; ti., portion of tibia. B.M. E/3877. X about 

Plate XXXVIL 

Ji'ig. 1. the suout, freed from the matrix : jp., premaxilla ; nasal 
vacuity; mn., mandible. B.M. B/3877. X A. 

2. Portion of the skull near the orbit : 0., orbit ; a.o.v., antorbital 

vacuity; a.o.v.^., antorbital vacuity No. 2; i.t.f., infra-temporal 
fossa; pr.b., premaxillar bar; J., jugal ; Qu., quadratqjugal ; 
Q., quadrate ; /^u*., maxilla ; fun., mandible ; mn.a., mandibular 
articulation ; 6., rounded boss of bone. B.M. R/3877. X 5. 

3. Left lateral aspect of the hinder portion of the cranium, as preserved 

in B.M. R/176: 0., orbit; s.t.f.j supra-temporal fossa; i.t.f., infi-a- 
temporal fossa ; s.t.b., supra-temporal bar ; Qu., quadratojugal ; 
Q., quadrate ; M.y matrix with a fragment of a limb-bone. X ^. 

4. Interior view of the right maxillo-nasal process : wjr.».6., part of the 

maxillo-nasal bar ; mx., maxilla ; a., line of division between the 
upper and the lower jaw ; mn., mandible. B.M. R/3877. X J. 

5. Restoration of the skull, perspectiTC lateral view : n.v., nasal vacuity ; 

a.o.v., antorbital vacuity ; a.o. antorbital vacuity No. 2 ; 0., orbit ; 
s.t.f., supra-temporal fossa; i.t.f, y infra-temporal fossa; p., pre- 
maxilla ; mn., mandible; mx., maxilla ; mx.n.b., maxillo-nasal bar : 
./., jugal ; Qu., quadratojugal ; Q., quadrate ; s.i.b., supra-temporal 
bar; pf.o.b., post-fronto-orbital bar; L, lachrymal; 6., rounded 
boss of bone. X i. 

Plate XXXVIII. 

JFig. 1. Restoration of the occiput : p.i.f., post-temporal fossae ; f.m., foramen 
magnum ; c, occipital condyle ; Q., quadrate. X h 

2. Restoration of a cervical vertebra, ventral view. X 5. 

3. Right lateral view of the notarium : /a., the supposed articular facet 

for the scapula; A, anterior end. B.M. R/3877. X i. 
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Fig. 4. Ventral view of the nutarium : anterior end. X 5. 

5. Restoration of the notarium, right lateral aspect: F, foramina; 

J'a., facet for the scapula; A, anterior end. X f . 

6. Inner view of the left scapula, minus a moiety of the humeral end : 

ffL, glenoid cavity ; dc.pr., acromion process. B.M. B/3877. X i- 

7. Humeral end of the right scapula and perfect coracoid : sc., proximal 

end of scapula; cor., coracoid ; glenoid cavity ; a^.ar.«t«r., ad- 
ditional articular surface, placed at right angles to the glenoid 
cavity, B.M. R/3878. X i- 

Plate XXXIX. 

Fig. 1. Portion of the right humerus, exhibiting the spiral curve of the deltoid 
crest: dl.cr,, deltoid crest; ./!, fragment of bone attached to the 
shaft of the humerus. B.M. 'R/17^. X i- 

2. Restoration of the humerus : dl.cr., deltoid crest ; «/>., an epiphysis 

overlapping the shaft ; ri., ridge for muscle-attachment, x i- 

3. Distal articulation of the left humerus : /'., circular foramen into shaft ; 

tr., trochlea for the radius; v., valley for the ulnar ridge. B.M. 
R/3877. X J. 

4. Proximal articulation of the left ulna : li., transverse ridj?e for arti- 

culation in the valley ou the distal articulatory surface of the 
humerus. B.M. R/3877. X A. 
o. Dorsal view of the right radius and ulna, showing decussation : 
i?., radius; C/;, ulna; n., ridge. B.M. B/3877. X J. 

6. Ventral view of the left radius and ulna: /?., radius; U., ulna; 

fa., articulatory surface articulating with the proximal carpal; 
ri., ridge. B.M. R/3877. X i- 

7. Distal articulation of the ulna: A, circular pit; JS, oval convex 

condyle ; C, articular surface prolonged on to the shaft of the ulna. 
B.M. R/3877. X 1 

8. Proximal articulation of the proximal carpal: A, hemispherical knob; 

JS, oval concavity ; C, articular surface for articulation with that 
on the ulna marked C in fig. 7 ; 2>, elongate cavity for the radius ; 
£, small concavity. B.M. R/3877. X h 

9. Distal articulation of the distal carpal : A, articular facet below the 

main articular surface ; B, main articular surface ; C\ articular sur- 
face for small metacarpals ; I), deep circular cavity. B.M. R/3877. 
X i 

10. Proximal articulation ot the wiug-metacarpal : A, articular facet below 
the main articulation ; JB, main articular surface ; C, the position of 
the small metacarpals is within this space. B.M. R/3d77. X 

Plate XL. 

Fig. 1. Right pteroid bone : B.M. R/3877. X h 

2. Upper view of Atherfield specimen No. 2 : h.r., distal end of the right 

humerus ; r.r., proximal end of the right radius ; u.r., proximal end 
of the right ulna ; A./., distal end of the left humerus ; W.nic., distal 
end of wing-metacarpals ; s.h.j soiall bone, apparently articulating in 
semicircular emargination {s.c.e.) on the first wing-phalange, l.W.ph. 
B.M. R/3878. X J. 

3. Left lateral view of the sternum : cor.ar.fa., coracoid articular facets. 

B.M. R/3877. Xh 

4. Slightly oblique anterior view of the sternum, to exhibit coracoid facets : 

car.ar.fa. B.M. R/3877. X i 

5. Restoration of the dorsal outline of the sternum : A, anterior end. X 5. 

6. The right ischium : ac., part of the acetabular rim. B.M. R/3877. X 3. 

7. The right femur, distal end partly destroyed : B.M. R/3877. X \. 
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Discussion. 

The Pbebidekt (Dr. A. Stra.hak) desired to emphasize the im- 
portaDce of the work which had been carried out by the Author 
for some years past. Not only had a large number of valuable 
fossils been rescued from destruction by his care and perse- 
veraoce, but by his skill in interpreting them conclusions of much 
interest had been placed before the Society. 

Dr. G. W. Andrews congratulated the Author on his success in 
collecting such beautifully-preserved reptilian skeletons from the 
Wealden Beds of the Isle of Wight. He remarked that there was 
some doubt whether the generic name Omithodesmus was applicable 
to the species now described, it having been applied originally to a 
number of fused vertebras which differ materially from either of the 
two groups of fused vertebrae in the specimen now under considera- 
tion. The peculiarities in the arrangement of the temporal arcades 
and fossae he considered to be entirely due to the nearly antero- 
posterior direction of the elongated quadrate. The Author's 
interesting account of the mechanics of the wing-bones, particularly 
of the carpal region, could not be profitably discussed in the 
absence of specimens and diagrams. 

Dr. A. Smith Woodward expressed his admiration of the Author's 
work and perseverance. He hoped that, as soon as the paper 
was published, the specimens described would be mounted and 
exhibited in the British Museum (Natural History). 

The AxTTHOB briefly replied. He thanked the Fellows for the 
kind way in which they had received his paper. He said that 
the lengthening of the muzzle, as an aid in procuring food, had 
undoubtedly drawn forward the bones below the orbits. The facial 
portion of the skull was about 5J times that of the cranial. The 
length of the skull was 560 millimetres, and the spread of the wings 
when cuiTcd in flight about 5 metres. 
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On the Ornithosaurian Genus Ornithocheirus, with a Review 
of the Specimens from the Cambridge Greensand in the 
Sedgwick Museum, Cambridge. By Reginald Walter 
HOOLEY, F.G.S. 

[Plate XXII.] 

The genus Omithocheirus was founded by Seeley on numerous 
fragments of jaws and odd bones of Pterodactyls from tlie 
Cambridge Greensand, preserved in the Woodwardian (now 
the Sedgwick) Museum of the University of Cambridge. All 
the specimens are more or less water- worn. The most perfect 
are a humerus, femur, and several carpal bones. The first 
character laid down as pertaining to the genus * was " no 
teeth anterior to the palate/^ which, later f, was negatived 
by the statement that the teeth are prolonged anterior to 
the muzzle/* and another character is added, " the palate 
has a longitudinal ridge.** In 1881 % an explanation of the 
amendment was given, from which it appears that the genus 
Omithocheirus was originated to include three deep club- 
shaped jaws of the type of Pterodactylus simus, Owen, and 
^tenodactylus, for the spear-shaped jaws of the type of 
J^terodactylViS sedgwicki^ Owen. Hence the definition of the 

* Seeley, H. G., ' Index to Ave?, &c. Woodwardian Museum/ 1869, 
p. xvi. 

t Id, 'Ornithosauria,' 1870, p. 112. 

t Id, Geol. Mag. [2] vol. viii. 1881, pp. 15-16. 

Aun. <b Mag. N. Hist. Ser. 8. VoL xiii. 36 
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genus Ornithocheims " no teeth anterior to palate ; but, 
becoming convinced " that the type of Pterodactylus simus 
was a lower jaw, Seeley abandoned the genus Ptenodactylus, 
and included all the specimens under Ornithocheirus, being 
thus compelled to add the character the teeth are pro- 
longed anterior to the muzzle/' nullifying the original cha- 
racter of the genus. 

Further characters appear to have been added after the 
discovery of the toothless forms of America, when "it 
became evident that the bones of the skeleton are mostly 
formed on the same plan as those of the Cambridge genus 
OmithocheirusJ^ The foundation for this seems to be that 
portions of an edentulous jaw had been found in the Cam- 
bridge Greensand. These were determined by Owen * to be 
the proximal end of metacarpal of wing/* and recognized 
later by Seeley t as parts of the premaxill». In 1891 J lie 
refers to his provisional name of Orniihostoma for these 
three portions of edentulous jaws, details the resemblances 
to Pteranodofij and finds the only difference is the American 
toothless Ornithosaur is twice the size." Then follows the 
inclusion of characters belonging to Pteranodon into both 
Omithocheirus and Ornithostoma. The odd fragmentary 
bones show the same characters as the American forms^ and 
these are made common both to the toothed and toothless. 
In regard to the beak^ the following description reveals the 
confused state of things § : — ^' The beak varies greatly in 
length and in form, though it is never quite so pointed as in 
the American genus, for there is always a little truncation in 
front, when teeth are seen projecting forward from a position 
somewhat above the palate ; the snout is often massive and 
sometimes club-shaped.'' In regard to the toothless jaw 
{Ornithostoma)^ it not only diverges from the original and 
the amended characters laid down for Omithocheirus in the 
absence of teeth, but also " in the smooth palate formed by 
a single wide concave channel,'' which is widely at variance 
with the well-developed longitudinal ridge of the palate in 
the latter. Seeley saw evidence of the crest on specimen 
no. J, c. 8, 2, a fragment of the back of the skull which he 
described and figured || in 1870. Twenty-one years later he 
still held to this, but was apparently shaken in his deter- 

* R. Owen, Rep. Cret. Foi-m. (Mon. Pal. Soc. 1869), Suppl. i. p. 18. 
t H. G. Seeley, Ann. & Mag. Nat. Hist. (4) toI. vii. p. 35, footuote 
(1871). 

X Id, ibid. (6) vol. vii. p. 441 (1891). 
§ Id, ' Dragons of the Air,' 1901, p. 177. 
II Id, < Ornithosauria/ 1870, pi. xi. tig. 1. 
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mination ^. An examination of this specimen shows that 
the bone at the junction of the parietal and occipital regions 
is raised into a ridge, which is continued laterally, forming 
the margin of the hinder border of the supratemporal fossae. 
This edge is much worn, but it is clear that it was produced 
upwardly and outwardly, and formed no part of a backwardly 
directed crest. Seeley t remarks that the occiput is flat, 
but, if the borders were perfect, there would be a slight con- 
cavity. Above the foramen magnum are the remains of a 
vertical ridge. Its present vertical extent is 6 mm., its 
probable length in life 10 mm. Its greatest breadth is only 
4 mm. It is very insignificant, and no more than the ridge 
along the line of the median union of the occipitals, as in 
many of the Reptilia. The angles at which the sides con. 
verge prove its posterior termination to have been near, with 
no production backwards as a crest. Seeley i says it may 
have given attachment to a bone like that post-superoccipital 
crest described by Quenstfdt in the Pterodachjlus suevicus^ 
The surface is very small, and larger by being worn to its 
base, therefore no bone of any extent or strength could have 
been attached here. Moreover, as will shortly be shown, 
the crest of Omithostoma {Pteranodon) arises superior to, 
overhangs, and has no connection whatever with, the occipital 
area. In Seeley's figure this ridge, which is depicted with too 
great a vertical extension, does not approach so close to t\\e 
foramen magnum. The brain-case and occiput are expanded, 
totally unlike the compressed condition in Ornithostoma 
(Pteranodon), and, by its form, it suggests relationship with 
the toothed and pointed jaws. The sagittal crest of the genus 
Ornithocheirus is a myth. The supratemporal fossae were appa- 
rently narrow and deep, with the parietal region of the skull 
constricted, as in Omithodesmus latidens. No post- temporal 
fossae are observable. There is nothing in the Cambridge 
material to prove the absence or presence of an antorbital 
vacuity. Tlie facts do not favour an Ornithostoma (Ptera^ 
nodon)-like skull, but one with a general form corresponding 
to the shrewd restoration of Pterodactylus compressirostris by 
Owen § and classified by authors under this very genus Ornitho^ 
cheirus. The specimen J. c. 8, 2 was Seeley's type for the back 
of the skull of Ornithocheirus ^ and the only hinder region of 
the skull, other than J. c. 8, 1, known to him. It is very 
remarkable that all the while the Cambridge material actually 

* H. G. Seeley, Ann. & Mag. Nat. Hist. (6) vol. vii. p. 443 (1891). 
t Id. * Ornithosauria; 1870, p. 84. 
t Id, ibid. p. 84. 

5 R. Owen, Cret. Rep. (Mon. Pal. Soc. 1851) pi. xxvii. fipr. 1. 

36* 
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included the greater portion of the hinder part of the skull 
of Ornithostoma {Pteranodon) ^ from the posterior moiety of 
the orbits to the occiput, showing the base of a true and 
powerful supraoccipitai crest. This interesting fossil he 
described and figured * as the orbito-ethmoid-sphenoid bone. 
The tablet J. c. 0, upon which this specimen is mounted, 
has been labelled Ethmoid with basisphenoid/' An ink- 
line has since been drawn through this^ and someone has 
written " Parietal with supra-occipital.'' A cast in wax of 
the aspect shown in Seeley's fig. 9 is also on the tablet 
marked cerebral hemispheres and pineal body.'' In 
pi. xi. fig. 8 * the left side is shown. As the bone is figured, 
the occiput is horizontal, whereas it should be oblique. 
The hinder border of the orbit is seen on the left upper half 
of the bone. The base of the supraoccipitai crest extends 
from the top right-hand comer of the figure to the emar- 
giuatiou near the lower. Fig. 7 * is a portion of the occiput 
placed upside down. The indentation in the upper border 
of the figure is the dorsal half of the foramen magnum, 
while the two foramina on either side below are the post- 
temporal fossae (c/. PI. XXII. fig. 2). The hinder moietiesof 
the orbits are preserved, and are exhibited in fig. 9, pi. xi. 
In Seeley's explanation of the figure they are called "the cups 
which covered the anterior termination of the cerebral lobes." 
The cerebral hemispheres are not exposed at all. The 
frontal bone immediately posterior to the orbits is greatly 
compressed, becoming a deep strong keel, which intensifies in 
the parietal region. Here, where it meets the upper border 
of the occipital plane, it shows the base of a crest which is 
destroyed, but, from the section of the bone, it was deep and 
robust and produced far beyond the occiput, as in Ornitho- 
stoma (Pteranodon) (PI. XXII. fig. 1). It has no connection 
with the occiput, which lies below it. The occipital area 
preserved is small and triangular. There is a stroug median 
vertical ridge to the foramen magnum, on either side of 
which the surface is concave. In the centre of these 
surfaces, sliglitly above the level of the foramen, are the 
post-temporal fosss^ which are small and subcircular. The 
skull below the dorsal half of the foramen magnum is 
destroyed. 

The back of the skull J. c, 8, 2 is the type of Omitho- 
cheirus^ and J. c. 9 belongs to Ornithostoma {Pteranodon) i 
and the two genera are totally distinct, as the muzzles also 
prove. The genus Omithocheirus has been given all the 

* H. a. Seeley, ' Ornithosauria,* 1870, pp. 85, 86, pi. xi. figs. 7-9. 
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characters found amongst this medley of bones and those of 
the pterodactyls of the Chalk of Kansas. Its effect is seen 
when Professor Williston* remarks that ''every essential 
character that has been given so far for the European species 
of this group agrees quite with those of our Kansas speci- 
mens. This will demonstrate how unimportant are the 
characters derived from the absence or presence of teeth." 

In the present case the absence or presence of teeth affords 
a certain character^ although amongst Icthyosaurs and Aves 
it has been shown to be not dependable. Therefore it would 
be extremely unwise to follow this rule too closely, for a 
toothed condition is a more primitive character in this 
respect than a toothless. We must make use of the features 
i?e have at command when dealing with such fragmentary 
remains. Moreover, at the time of the deposition of the 
Cambridge Green sand they were an expiring race and near 
the end of their line, and thus we are examining the fixed or 
degraded characters of the ultimate descendants, and not the 
ancestors. Therefore the peculiarities obtaining have a 
greater value than if found in the beginners, for they are 
the specialized result of natural selection acting through 
ages. The situation of the front pair of teeth in some jaws, 
right above the palate on the anterior face of the beak, we 
shall shortly show is an accident caused by the wearing 
away of the snout. Those without teeth must for a great 
period have diverged from those with teeth. The fact that 
the seizure and prehension of food are obtained by such 
opposite means argues of itself corresponding variations in 
the form of the bones of the skull. In the Cambridge 
material many of the teeth are grooved and circular, and 
certainly more simple and less specialized than the remainder, 
which are more or less compressed laterally, with an absence 
of grooving. To conclude that the odd bones belonged to 
the same individuals, or even to the identical genus, as the 
fragments of skulls, because they happen to be found on the 
same horizon, is a dangerous means of diagnosis, and has not 
infrequently led to error in the past. This danger is inten- 
sified when we remember that the Cambridge Greensand is 
the remains of an old shore-line, where bones of these 
creatures accumulated, not only from those contemporaneous, 
but also probably from those derived from older beds, and 
could not have formed even a tithe of the flocks of these 
reptiles inhabiting the district. 

* S. W. Williston, " Restoration of Ornitkostoma,'^ Kansas Quarterly, 
1897, p. 35. 
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It appears that different families possessed the pectoral 
girdle characteristic of Omithostoma {Pteranodon), e. g., 
Ornithodesmus, but the form of the skull, the position and 
shape of the several elements^ the absence or presence, size, 
and position of the teeth, vary in the different genera, and 
are therefore the characters most to be trusted in classifica- 
tion. By such means the portions of skulls included in the 
Cambridge material under the genus Omithocheirus natu- 
rally divide into five well-defiued groups, and it is more than 
probable that they belong but to few species. The humeri 
and ulnae may be arranged into three groups. 

Further, Seeley * was misled by a study of the German 
specimens in determining the ulna as the radius and the 
radius as the ulna, and therefore the wrong position of these 
bones in the antebrachium and their place of articulation 
with the proximal carpal, and in stating that the radius was 
the larger bone. 

He was studying extremely fragmentary remains, and in 
the German specimens the bones are so crushed that the 
detailed structure of their articulations is nearly indecipher- 
able. 

We shall' now proceed to denote the characters by which 
the fragments of snouts may be classified, and give the 
species which naturally group themselves under each. 
Many of the specimens are so close to one another — which 
is remarkable in itself, considering their fragmentary state 
— that the differences in detail, which are often trivial, are 
of little avail until future discoveries of more complete skulls 
exhibit otherwise. This, we are confident from a close study 
of these specimens, will not be the case, and it is strange 
that every specimen found should have belonged to a new 
species. The twenty-six type-specimens in the Sedgwick 
Museum have been described by Seeley or Owen ; therefore 
it will not be necessary to do tliat again. 

Group No. 1. 

Beaks laterally compressed, moderate vertical depth, tip 
more or less obtuse, dorsal keels. Palate curving slightly 
upwards anteriorly, causing the front teeth to be directed 
forward. Longitudinal ridge on palate, teeth subcireular, 
alveolar rims rising above palate. 



* H. G. Seeley, ^ Ornithosauria,' 1870, p. 42. 
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Examples : — 

O. hrachyrhmus (Seeley). H. G. Seeley, ' Ornithosauria,' 1870, p. 123. 
O. cwnerx (Bowerbank). Fig. J. S. Bowerbank, Proc. Zool. Soc. 1861, 

p. 15, pL iv. (lettered hngirostris) ; and R. Owen, Rep. Cret. 

JForm. (1851) tab. xxviii. figs. 1-4. 
O. colorhinus (Seeley). H. G. Seeley, ' Ornithosauria,' 1870, p. 124. 
O. dentatm (Seeley). H. G. Seeley, • Ornithosauria,' 1870, p. 119. 
O. denticulatiis i^eBley). H. G. Seeley, ' Ornithosauria,' 1870, p. 122, 

pi. xii. figs. 8, 9. 

O. enchorhynchtis (Seeley). H. G. Seeley, * Omithoeauria,' 1870, p. 123. 
O.JUtoni (Owen). R. Owen, Rep. Cret, Form. (1869), Suppl. i. pi. i. 

figs. 3-6, and eUewbere. 
O. namtus (Seeley). H. G. Seeley, ' Omithosauria,' 1870, p. 120. 
O. oxyrhinus (Seeley). H. G. Seeley, * Ornithosauria,* 18/0, p. 117. 
O. polyodon (Seeley). H. G. Seeley, * Omithoaauria,' 1870, p. 121. 
O. 8e(^tDickt (Owen), R. Owen, Rep. Cret. Form. (1869), Suppl. i. 

pi. i. figs. 1, 2, and elsewhere. 

These are the only specimens that truly come under 
Seeley's amended definition of the genus Omithoc?ieirtis^ 
viz. : — 

I. Teeth prolonged anterior to muzzle. 
II. Longitudinal ridge on palate. 

To this group, therefore, should be assigned the generic 
name Omithocheirus. 



Group No. 2. 

Beaks lanceolate and pointed, compressed laterally and 
vertically near the tip. Little or no upward curving of the 
palate. Teeth considerably smaller than in Omithocheirus, 
nniforoH in size, and more or less laterally compressed. 
Moderate rising of alveolar rim. Longitudinal ridge on 
palate. 

Examples : — 

O. compressiroatris (Owen). R. Owen, Rep. Oret. Form. (1851) pi. xxvii, 

fig. 5, and pi. xxviii. figs. 8, 9, lO. 
O. mcuiJuBorhynchus (Seeley). H. G. Seeley, * Ornithosauria,' 1870, 

pi. xii. figs. 1 & 2. 
0. microdan (Seeley). H. G. Seeley, ' Omithosauria,' 1870, pi. xii. 

figs. 6, 7. 

O. oweni (Seeley). H. G. Seeley, ' Omithosauria,' 1870, p. 115. 

O. 8caphorhynchu» (Seeley). H. G. Seeley, * Omithosauria,' 1870, p. 119. 

O. temUrostris (Seeley). H. G. Seeley, 'Omithosauria,' 1870, p. 114. 

We suggest that this genus be called Lonchodecies. 
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Group No. 3. 

Beaks with Btroug lateral compression forming dorsal 
keel, triangular in section, truncated tip, moderate vertical 
depth. Dorsal outline rising from the tip at a high angle. 
Longitudinal ridge on palate as in Omithockeinis, Very 
large circular teeth, anterior much larger than posterior, 
none directed forward. 

Examples : — 

O. cramdens (Seeley). H. G. Seelev, * Ornithosauria/ 1870, p. 122. 
O. eun/f/nathtu (Seeley). II. G. Seeley, ' Oraithosauria/ 1870, p. 1-23. 
O. platt/somus (Seeley). II. G. Seeley, * Ornithosauria,* 1870, p. 120. 

To this genus we would give the name Amblydectes, 



Group No. 4. 

Massive truncated club-shaped snout, great vertical 
depth, longitudinal ridge on palate, teeth subcircular aud 
vertically directed, front pair mucli smaller than the rest. 
, Examples : — 

O. capito (Seeley). II. G. Seeley, * Ornithosauna,' 1870, p. 126. 
O. carteri (Seeley). II. G. Seeley, * Omithosauiia,* 1870, p. 128. 
O. platyrhinvg (Seeley). H. G. Seeley, * Ornithosauria,' 1870, p. 128. 
O. simus, R. Owen, Rep. Cret. Form. ( 1861), Suppl. iii. pis. i. & ii., 
pi. iv. fig. 4. 

O. toaodwardi, R. Owen, Rep. Cret. Form. (1861), Suppl. iii. pi. ii. 
fig. 3. 

For this group it would be well to give the generic name 
Criorhynchus, Criorhynchvs simus being the type. R. Ly- 
dekker* suggested that if it "should prove generically 
different from Ornithocheirus the name Criorhynchus might 
be retained for it.'* H. Owen, in 1861 1 and 1874 J, deter- 
mined the type-specimen as belonging to the upper jaw, and 
Seeley. in 1870§ remarked : '^a re-examination of the type, 
Pterodactylus simtis, Owen, has conviiiced me that it is a lower 
jaw." Afterwards, however (1881) ||, he altered this view. 
We have a certain character to denote the upper and lower 
jaw in the presence of a longitudinal ridge on the palate on 
the former and a groove on the latter. As the ridge is to be 

* R. Lydekker, B. M. Cat. 1889, p. 3. 

t R. Owen, Rep. Cret. Form. (Mon. Pal. Soc. 1861), Suppl. iii. p. 2. 

t Id. ibid, pt. i. (1874) p. 6. 

§ H. G. Seeley, ' Omithosauria,' 1870, p. 127. 

II Id. Geol. Mag. [2] vol. viii. (1881) p. 16. 
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discerned*, Seeley'a first decision is the correct one, which 
coincides with Owen's. Moreover, if this be a lower jaw, 
and the usual proportion of a lower to an upper obtain, the 
depth of the tip of the muzzle would be so excessive that the 
supposition becomes highly improbable. 

Group No. 5. 

Beak lanceolate, compressed, pointed, edentulous. 
Example : — 

Omithostama, R Owen, Rep. Cret. Form. (1859), Suppl. i. pi. iv. 
figs. 4 & 6 ; and H. G. oeeley, Ann. & Mag. Nat. Hist. (4) vol. \ 
p. 35, footnote (1871), and elsewhere. 

It will be useful now to review the specimens other than 
in the Sedgwick Museum included by authors in the genus 
Ornithocheirus, and allot them to their particular genus, as 
detailed above. 

Ornithocheirus clavirostris^ R. Owen. 
Rep. Meso. Form. (1874) pt. i. p. 6, pi. i. figs. 1-4. 

Wealden (Hastings Sand), St. Leonard's-on-Sea. 

In regard to this specimen Owen t was loth to believe that 
the '^pair of teeth so anomalously located'' (above the 
palate) was due to anything but an accident. Seeley 
suspected that the bone would prove to be the dentary, but 
the presence of the palatal ridge determines it to be the 
premaxillary. Neither Owen nor Seeley apparently con- 
sidered the great amount of attrition to which each of the 
specimens had been subjected. The variation in the section 
of the teeth appears purely accidental, according to the 
degree of wear the bone has undergone. From a careful 
examination of the type-specimen we are confident that 
Ornithocheirus (Coloborhynchus) clavirostris is a synonym of 
O. simus and O. woodwardi, that they are all premaxillary 
bones, and that the position of the teeth, which would indeed 
be anomalous above the palate, is to be explained very 
simply : the wearing away of the tip of the snout has 
exposed the bases of these teeth, and not the foot of their 
crowns near the alveoli, as shown by the restoration (PL XXII. 
fig. 5). A similar worn condition of the sides of this 
specimen has displayed the bases of the teeth here also. 
Thus it becomes in all respects similar to O. simus 

* R. Owen, Rep. Cret. Form. (Mon. Pal. Soc. 18G1), Suppl. iii. tab. i. 
fig. 5. 

t Id. ibid. (Mon. Pal. Soc. 1874) pt. i. p. 7. 
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(PI. XXII. fig. 4), and therefore in fature should be known 
as a synonym of Criorhj/nchus simus, and naturally falling 
into Group no. 4 as above. 

Omiihocheirua daviesii (Owen). 
Rep. Meso. Form. (Pal. Soc. 1874) pt i. p. 2, pi. i. figs. 6 & 6. 

The form and size of the teeth and the lanceolate shape of 
this dentary bone prove it to belong to Group no. 2. * 

Ornithocheirus gigantew (Bowerbank). 
Quart. Joum. Geol. Soc. vol. ii. (1846) p. 8, pL i., and elsewhere. 

The tip of the muzzle of both the upper and lower jaw. 

We are convinced that its conical shape has been produced 
by vertical expansion due to pressure, and possibly its width 
proceeds from the same cause. Taking this into considera- 
I tion, and also the type of the teeth, which are strongly 
characteristic, this species can be included within Group 
no. 2. 

Ornithocheirm reedi (Seeley) . 
Geol. Mag. [2] vol. viii. (1881) p. 13, pi. i. lig. 3. 

Seeley* says this species "closely resembles Omitho- 
cheinis capita " ; therefore it comes into Group no. 4. 

Ornithocheii-us sagitthrostris (Owen). 
Kep. Meso. Form. (Mon. Pal. Soc. 1874) pt. i. p. 3, pi. iL 

These mandibular rami from the Wealden, by the angle 
of their convergence towards the symphysis, and the form, 
size^ and arrangement of the teeth belong to Group no. 2. 

Ornithocheirus xyphorhynchus (Seeley). 

'Ornithosauria/ p. 117 ; and GeoL Mag. [2] toI. viii. (1881) p. 18, pi. i. 
%.2. 

In the former paper Seeley determined this fragment to 
be a part of a premaxillary, in the latter of a dentary. It is 
very close to Ornithocheirus sedgwicki, and should therefore 
be included in Group no. 1. 



•KG. Seeley, * OrnithosaiuriR,' 1870, p. 127. 
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Omithocheirus clifti (Mantell). Portions of humerus. 
*Medal3 of Creation/ vol. ii. (1844) p. 806, woodcut 149. 

Omithocheirus curtus (Owen). Distal end of tibia. 
Rep. Lias Form. (Mon. Pal. Soc. 1870) pt. ii. p. 62, pi. xk. figs. 8, 9. 

Omithocheirus diomedius (Owen). Distal end of ulnar 
metacarpal. 

Brit. Foss. Mam. and Birds (1846), p. 545, woodcut 230. 

♦ Ojmithocheirus nobilis (Owen), Portion of wing-phalange, 

? ulna. 

Rep. Lias Form. (Mon. Pal. Soc. 1870) pt. ii. descr. to pi. xix. fig. 10. 

These species, founded on fragments of bones, must for 
the present remain in the genus Omithocheirus^ but for no 
other reason than that they have been placed there, for the 
characters of the bones belonging to the genus Omithocheirus 
are absolutely unknown. 

The Vertebral Column. 

In regard to the bones of the vertebral column, there is 
not much in the Cambridge Greensand specimens, by reason 
of their fragmentary and worn condition and their non- 
association with parts known to belong to given species, to 
help one in classiiication. Some of the cervicals are fairly 
perfect. Seeley * denotes two groups : — 

(L) Narrow neural arch with high neural spine, pneu- 
matic foramen oblique. Ventral face of centrum 
oblong and flattened. 

He gives as example that figured by Owen f as belonging 
to Pterodactylus simus. 

(II.) Wide neural arch, pneumatic foramen horizontal. 
Side of centrum makes a right angle with the 
base (p. 68). Ventral surface convex. 

Example given, Pterodactylus simus (Owen) J, 
* H. G. Seeley, * Ornithosauria,' 1870, p. 66. 

t R. Owen, Rep. Cret. Form. (Mon. Pal. Soc. 1861), Suppl. iii. pi. ii. 
fig. 4. 

t Id. ibid, (Mon. Pal. Soc. 1869), Suppl. i. pi. ii. fig. 1. 
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Dorsal Vertebra. 

Seeley * classifies these vertebra into two groups by tlie 
same characteristics. He gives as examples those figured by 
Owen t in his memoir on Pterodactylus sedywicki. There is 
no justification for Owen assigning either the cervical to 
P, simus or the dorsal to P. sedffwicki, nor for Seeley the 
flat cervicals to Ornithocheirus, The characters pertaining 
to any particular genus cannot yet be definitely given. 

TTie Notarium. 

Bones which in Ornithosauria were included in the sacrum 
and the os innominatum^ and numbered and figured respec- 
tively 

J. c. 4, 1. Ornithosauria. PL x. Figs. 8, 9. 
J. b. 10, 3. do. PL viii. Fig. 3. 

by the discovery of the blending of the early dorsal vertebrae 
into the so-called notarium of the American form Pteranodon, 
were found to belong to this portion of the axial skeleton. 
Owen J described and figured a bone from the Cambridge 
Greensand which belongs to tjie notarium as probably 
frontal/' The specimen J. c, 4, 1 was figured in the restora- 
tion of the pectoral girdle by Seeley in 1891 § and 1901 ||. 
Both of these differ in detail from the original vertebra which 
is figured in Ornithosauria. Prof. Willistou1[ has pointed 
out that the vertebra of these figures is undoubtedly 
wrong/' 

It would, perhaps, be safe to assign to Omithostoma all 
the specimens belonging to the notarium, because we have 
the American evidence of its obtaining in Omithostoma 
(Pteranodon), while there is none as regards the dentigerous 
jaws from Cambridge. 

The Sacrum. 

The six specimens of sacral vertebrae are so destroyed that 
it is impossible to say whether the transverse ribs were 
anchylosed at their distal extremities as in Ornithoatoma 
(Pteranodon). Nos. 1 and 2 have the ventral surface of the 

* H. G. Seeley, * Omithosfiwiria/ 1870, p. 69. 

t R. Owen, Rep. Cret. Form. (Mon. Pal. Soc. 1859), Suppl. i. pi. ii. 
figs. 20 & 23, and figs. 24 & 25. 
X Id, ibid. p. 12, pi. iv. figs. 6-8. 

§ H. G. Seeley, Ann. & Maff. Nat. Hist. (6) vol. vii. p. 441, fig. 2 (1891). 

II Id, ' Drapfons of the Air,^ 1901, p. 115. 

II S. W, Williaton, Kansas Uuiv. Quart. 1897, p. 44. 
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centrums flat and 3 to 7 convex. In specimen J. c. 4, 3, 
which consists of three vertebrae, the bases of two transverse 
ribs are preserved. 

The Caudal Vertebra. 

The examples determined as caudal vertebrae by Seeley in 
' Omithosauria ' he later* believed to be cervicals. Some 
are doubtless centrums of cervicals. The absence of trans- 
verse processes and their amphiplatyan nature bring them 
close to Omithostoma {Pieranodon). 

The Scapula and Coracoid. 

These bones may be separated into two groups. One of 
these, typified by specimens J. a. 3, was figured by Owen f. 
This example is very interesting, because it exhibits on the 
inner side of the scapular arch the bar of bone bracing the 
scapula and coracoid, and enclosing a foramen similar to 
that mentioned by Prof. Williston % as found in Ornithostoma 
{Pieranodon) and Nyctosaurus, There would not seem to be 
further proof required that this type of scapula-coracoid 
belongs to the toothless English genus Ornithostoma. The 
coraco-scapular suture is oblique to the long axis of the 
glenoid cavity. The head of the coracoid is not so globular 
as that typified by J. c, 4, 18, 6. This specimen, figured by 
Seeley §, is characterized by the absence of the bar of bone, 
interior to the anchylosed humeral extremities of these bones. 
Both these two types are easily differentiated from Ornitho- 
desmus latidens by the diagonal direction of the line of 
anchylosis of the scapula with the coracoid across the glenoid 
articulation, which in the latter is horizontal. The type, 
J. c. 4, 18, 6, is very nearly similar in form to the latter, 
and both are alike in the non-presence of the inner bar of 
bone. 

The Humerus. 

Seeley || mentions fifty specimens of this bone. J. a. 8, 1 
niay be dismissed as useless. It is part of a large limb- 
bone, from its size more probably Dinosaurian, tor it is 

* H. G. Seeley, Quart. Joum. Geol. Soc. 1875. 

t R. Owen, Cret. Form. Rep. (Mon. Pal. Soc. 1859), Suppl. i. p. Ill, 
fif?. 1. 

X S. W. Williston, Kansas Univ. Quart. 1897, p. 43 ; and Field Col. 
Mus. Pub. 78, geo. ser. vol. iii. no. 3, pp. 140-141. 
§ H. G. Seeley, 'Ornithosauria,' 1870, pi. i. fig. 10. 
II Id. ibid. p. 38. 
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apparently from the central area of the shaft, where the 
bone is smallest in Pterodactyls. The complete bone would 
therefore be of enormous bulk, and, with the other bones of 
the skeleton in proportion, we should have a reptile too 
heavy for flight. Moreover, it reveals no constriction as seen 
in the Pterodactyl humerus. Whether we take the proximal 
or distal ends, the forty-nine specimens naturally form three 
groups. In one group the entire bone is known for certain 
by the perfect example J. a, 6, 30, and by comparison with 
Ornithodesmus latidens another is nearly as sure, and there 
is reason to believe that the third group is comprised of 
those proximal ends which are different from the other two 
groups, although there can be no positive determination 
until a perfect humerus with the same characters is dis- 
covered. We give on pp. 542-543 the characters of the three 
groups and their examples, and follow by a criticism of some 
of the specimens included in the groups : — 

Proxinial ends. 

Group A. 

Seeley * gives J. a. 6, 25 as an example of the same kind 
of proximal end as seen in the perfect humerus, J. a. 6, 30, 
having the pneumatic foramen radially situated on the 
anterior aspect near the articular surface.'^ The pneumatic 
foramen is, however, found on the postaxial side posterior 
surface as a small circular hole in an oval- shaped depression. 
Onits distal margin it is worn away, but the foramen can be 
well determined. In J. a, 6, 30 the deltoid crest is produced 
obliquely to the long axis of the condyle, while in J. a. 6, 25 
it is nearly a right angle with little or no curve until its 
termination contiguous to the preaxial border of the shaft. 
In J. a. 6, 25 the outer surface of the deltoid crest is flat. 
As the crescent-shaped condyle in this specimen has a 
greater curve than that of the other examples in this or the 
remaining groups, a greater convexity is found on the dorsal 
and a greater concavity on the ventral margin. J. a. 6, 26 
approaches closely in character to J. a. 6, 25 ; but, although 
the crest is carried as far down the shaft as in that specimen, 
it is produced more obliquely to the long axis of the condyle, 
recalling J. a. 6, 30 (Group C) in that respect only. 



• 'Ornithosauria/ 1870, p. 39. 
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Group B. 

J. fl. 6, 4. Proximal end of right humerus. The deltoid 
crest has its origiu far below the condyle, and is apparently 
slightly oblique to its long axis. The pneumatic foramen is 
further down the shaft than in J. a. 6, 26 (Group A), and 
there is a ridge on the preaxial moiety of the condyle. The 
condyle is not so crescentic, and therefore the horns splay 
more outwards and the ulnar crest is moderately developed. 

Group C. 

The perfect humerus J. «. 6, 30, whose characters have 
been given by Seeley, is the type. J. «. 6, 22, 23, 24, 27, 28 
are proximal ends exhibiting pneumatic foraminse on the 
ventral surface, and 38, 39, 40, 41 should also apparently 
have been included, although they are too much abraded to 
reveal the pneumatic foramen. 

Distal ends. 
Group A. 

J.a. 6, 21 Sc 32. Examples belonging to left humeri. 
They are similar to Ornithodesmus latidens, though one-fifth 
smaller in the transverse diameter of the distal articulation, 
and the characters are very weakly developed. The central 
circular cavity and the transverse valley in no. 32 are filled 
with phosphate of lime, and thus are not well seen, while in 
No. 31 these are obscured by the bone being much worn in this 
region and destroyed on the dorsal margin of the median 
pit. The ulnar articulation on each bone is also worn, and 
does not appear to have been as highly developed as in 
Ornithodesmus latidens, Seeley says * that the " mesial 
condyle in this group appears in every case to be an epiphysis 
which is wanting.'^ The narrow ridge on the proximal end 
of the ulna requires a valley to articulate in, and this would 
be impossible if a mesial condyle had been present. 

J. a. 6, 31. This example possesses the same characters 
as nos. 21 and 32, although in a very incipient stage. It is 
interesting because the central circular entrance into the 
bone is not present. In that region occurs a basin-shaped 
hollow only. 

* H. G. Seeley, * Ornithosauria,' 1870, p. 40. 



Ann. dk Mag. N, Hist. Ser. 8. Vol xiii. 37 



546 



Mr. R. W. Hooley on the 



Group B. 

J. a. 6, 35. Tins example was figured by Owen* and also 
by Seeley f. It differs from Ornithodesmus latidens in the 
circular pit on the articular surface being postaxial, while in 
the Atherfield specimen it is nearer the preaxial. The pre- 
axial or radial area of the Cambridge specimens^ as described 
by Owen J, " shows a slightly convex surface occupying its 
major part, and a small well-defined flat surface placed 
obliquely/' The " slightly convex surface " becomes more 
convex ventrally as it iiears the flat oblique surface. With 
a part of the former and the whole of the latter the radius 
articulated ; but the dorsal moiety of the " slightly convex 
surface " was a portion of the ulnar articulation, which is 
continued round the dorsal margin to the postaxial edge 
(ulnar side), where it becomes an oval concave surface. The 
ulnar tubercle is placed on the ventral border only, and not 
on the postaxial, as in Ornithodesmus latidem. By nos. 20, I 
29, 33, and 34 it is seen that in this group there is no trans- j 
verse valley, but that the ulna apparently occupied the whole 
of the transverse diameter of the articular end. 

Group C. 

The most perfect distal end of this group is J. a, 6, 36. 
It is crescentic, with the convexity on the dorsal side. The 
articulation exhibits a radial and median convexity, with a 
depression between them, forming a trochlea. On the 
ventral margin of the postaxial side there is a tubercle 
directed dis tally, and doi^sal to this an oval concave facet, 
obliquely placed and looking outwards. On the ventral 
surface, between the horns of the crescent, there is a deep 
concavity, and, as the radial and ulnar condyle both have a 
flat facet looking inwards, it is probable that the radius 
articulated with both these. 

The type of ulna shown on tablet J. a, 9, no. 1, we beheve 
to belong to this group, because of its similar articular 
surfaces. 

It is highly probable that the proximal ends of Groups A, 

* R. Owen, Rep. Cret. Form. (Mon. Pal. Soc. 1861), Suppl. i. pi. iv. 
figs. 1-3. 

t H. G. Seeley, ' Ornithoflauria,' 1870, pi. iv. fig. 14. 
\ R. OweD, loc. cit. p. 16. 
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B, C will be found to belong to the distal ends of Groups A, 
B, C as ilow classified. That Group A belongs to a genus 
of the family Ornithodesmidae appears to be certain by a 
comparison with the humerus of Ornithodesmus latidens, and 
from Prof. Williston's* description of the distal end of 
the humerus of Ornithostoma (Pteranodon) we consider the 
distal ends of Group B to belong to that genus^ and there- 
fore to the edentulous forms of the Cambridge Greensand. 
Whether the proximal ends of this group are rightly appor- 
tioned is a more difficult matter to determine, for the base 
is all that remains of the deltoid crest, the most characteristic 
feature. On examination of these specimens it appears that 
it was oblique to the long axis of the condyle, which, as far as 
it goes, agrees with Prof. VVilliston's f description of the crest 
in Ornithostoma (Pteranodon), " This process, the radial or 
deltoid, has its convex rounded extremity directed obliquely 
forward and upward and outward/' yet at the same time it 
resembles, perliaps in a greater degree, his account of Nycto^ 
saurus J, the deltoid, radial, or lateral process very large.'' 
"It is directed forward and a little downward." He also 
says, The ulnar or median process is very stout." This, 
together with the fact that the crest is more distal to the 
condyle in Nyctosaurus, seems to favour a greater affinity to 
Nyctosaurus than to the proximal ends in Group B (? Orni- 
thostoma), Thus, he remarks §, This crest is further 
removed from the head of the bone than is the case in species 
of Pteranodon^ Perhaps with the details now given for 
this group an examination of the American specimens would 
enable a decision. At any rate, they do not belong to 
Groups A or C, and thus in all probability pertain to the 
edentulous forms. In regard to Group C, typified by the 
perfect humerus J. a, 6, 30, there is not even a suggestion 
to be obtained from known facts as to which, if any, of the 
remaining genera, formed on the evidence of the premaxillae, 
it belongs. 

Radius and Ulna. 
The specimens on tablet J. a. 9 are the proximal ends of 

* S. W. Williston, " Restoration of Ormthostomay" Kansas Univ. 
Quart. 1897, p. 45. 
t S. W. Williston, idid. p. 44. 

I Id. Field Col. Mua. Pub. 78, geo. ser. vol. ii. no. 3, p. 141. 
§ Id. Kansas Univ. Quart, vol. i. 1892-3, p. 6. 
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ulnfe. Corrections must be made on all the other tablets^ as 
well as in the letterpress and figures of ^ Ornithosauria ' : — 

TahleU. 

J. a. 10 Distal ends of ulnte, not " radii." 
J. a. 11. Proximal ends of ulnae, not ^ radii." 
J. a. 12. Distal ends of radii, not *^ ulnae." 
J. a, 13. Proximal endd of radii, not ulnae." 

LetterpresB and titleSf * Ornithosauria,^ 
P. 43, /or I. Distal end of" Ulna," read Radius. 

P. 44, Nob. 6 and 6 on another tablet (P tablet J. a. 13) appear to be 

distal ends of ulna." For ** ulna read radius. 
P. 44, /or II. l)i,»tal End of " Radius," read Ulna. 
P. 46,/or IV. Proximal End of " Radius,*' read Ulna. 

Figures. 

Plate n. Figs. 7, 8, & 0. Proximal ends of right ulna, not ''radius." 
Plate III. Fig. 1. Ventral view of distal end of left ulna, not " radius." 

Fig. 2. Dorsal view of distal end of left ulna, not " right 
radius." 

Fig. 3. Distal articulntion of left ulna, not " right radius." 
Fig. 10. Distal end of right radius, not " ulna." 
Fig. 12. Distal end of left radius, not ulna." 
Plate XI. Fig. 7. Specimen J. c. 9, for " palatal aspect of the basi- 

sphenoid bone " read upper portion of occiput "; 

tne tigui-e is upside down. 
Fig. 8. Specimen J. c. 9, /or " eth mo-sphenoid mass" read 

left lateral view of posterior moiety of skull of 

Ornithostoma, 

Fig. 9. Specimen J. c, 9, for " posterior aspect of same 
specimen " read " anterior aspect " ; the " cups " 
are the posterior boundaries of the orbits. 

Radius. 

There are only three specimens of the proximal end of the 
radius and four of the distal^ and these are so close in 
characters that they may be included in one group. 

Proximal end. 

1. Dorsal surface convex, ventral concave. 

2. Preaxial border produced outwards and forwards, the 

postaxial straight. 

8. Articular surface, preaxial side, convex looking out- 
wards ; postaxial concave looking proximally. 

4. Moderately compressed dorso-ventrally, width pre- 
postaxially apparently maintained down the shaft. 

* There are eleven examples on this tablet, the eleventh perhaps 
attached since ' Ornithosauria ' was written. 
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Distal end. 

1. Dorsal and ventral surface slightly convex. 

2. Articular surface a convex roll, compressed more or less 

dorso-ventrally, in the median area. 

3. Preaxial border flat. 

In regard to the proximal extremities affixed to tablet 
J. a, 13^, specimens 5 and 6 belong to the same species as 
far as can be ascertained. No. 6 is not well preserved. An 
unnumbered specimen is near to 5 and 6, withi t3i^ artlcjalar 
features less prominent. The main difference between t1i6se 
bones and those of Ornithodesmus latidens Ilies/hpftheJ Jtittfir' 
being flatter and rapidly lessening in size rfdwil*tlife"sliaftr. 
The former are stouter and reveal little or no decrease 
distally. Between the two surfaces of the articular end of 
Ornithodesmus latidens there is a transverse ridge across the 
short diameter of the bone, which fits into the valley between 
the two condyles of the trochlea of the humerus. This is 
not seen in the Cambridge specimens ; therefore they 
probably do not belong to distal ends of the humeri 
J. a. 6, 21 and 32, Group A, where a feeble incipient trochlea 
is to be observed, but to Group B. 

Of the four specimens of the distal ends of the radius, 
J. a. 12, 1-4, not one belongs to the same genus as Ornitho- 
desmus latidens, for, although there is a general similarity 
in form, they differ in details. The dorsal and ventral 
surfaces of Ornithodesmus latidens are flatter and more com- 
pressed than any of the Cambridge specimens. The ventral 
surfaces of nos. 1 and 3 are more concave. In all four 
specimens, including O. latidens, the articular surface is a 
complete convexity from the pre- to the postaxial border, 
and all exhibit more or less constriction of this convexity 
on both dorsal and ventral borders in the median region. 
Nos. 1 and 3 belong to the same species. The preaxial 
border is not flattened in O. latidens as in the Cambridge 
specimens, but is robust and convex. The bone is much 
more concave near the articulation on the ventral surface, 
preaxial side. There is a longitudinal groove for muscle- 
attachment, contiguous with the postaxial border on the 
ventral surface, which is not seen in the Cambridge 
specimens. In 0. latidens on the postaxial side of the 
dorsal surface there is a well-developed ridge and striae, 
caused by the fibres of the muscles traversing the bone 

* There is an unnumbered specimen on this tablet. 
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diagonally from the preaxial distal border. This is not 
exhibited in the Cambridge examples. The specimen no. 2 
is not as compressed as nos. 1 and 3, or as Ornithodesmus 
latidens, and the dorsal surface is more concave distally. 

The Ulna. 
Proximal end. 

The six specimens on tablet J. a. 9 are the proximal ends 
of ulna. Nqs. 1, 2, 4, and 5 are figured in ' Ornithosauria/ 
pliU;e*i:ii'.:figs; 4, 5, 6, 7, 8, 9. J. a. 9, 1, belonging to the 
left ulna, differ^s from Ornithodesmus latidens in the abscDce 
:of the longitudinal ridge on the ventral surface of the shaft, 
-iiir iieii of which there is a raised and roughened surface, 
preaxial to the radius instead of postaxial, for the attachment 
of the biceps tendon. This feature is also seen in nos. 2 
and 4. The dorsal surface is strongly convex, and the 
ventral slightly, and free from any pit or ridge. The 
pneumatic foramen is near the articulation in the centre of 
the ventral surface. The articulation is much worn. This 
specimen is interesting, because from it Seeley obtained the 
suggestion of an olecranon *. There is a well-defined line 
around the upper dorsal half, which might be accidental. 
The surfaces in all the other examples appear to be articu- 
latory, and the roughened edges the effect of wear, and not 
caused by the tearing away of an epiphysis. The main 
articulatory surface is an oblique oval-shaped basin, looking 
upwards, in the centre of which in specimens nos. 4, 5, and 
6 is a circular opening into the shaft, as is seen in the 
humerus of Ornithodesmus latidens and in J. a. 6, nos. 20, 
21, and 32. Moreover, the general form of the bone is not 
very different from the distal extremities of the humeri; 
exliibiting the circular opening into the shaft — for example, 
J. a. 6, 20. In those examples where the supposed olecranon 
has comeaway tlie dorsal half of the articulatory surface is con- 
cave. It looks upwards and is divided from the ventral half 
by a convex ridge. The ventral surface looks downwards and 
is feebly convex dorso-ventrally and concave pre-postaxially. 
In no. 1 the articulation has two feebly concave surfaces, 
with a raised ridge for the trochlea of the distal end of the 
humerus. In no. 2 the dorsal half of the articulation is 
destroyed. The postaxial concave surface is more oblique 
and carried further on to the shaft of the bone, thus looking 
more outward than in the other specimens. This example 

* II. G. Soeley, 'Ornithosauria,' 1870, pp. 45 & 46. 
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exhibits the raised and roughened surface for the biceps 
tendon in a greater degree than any of the others on this 
tablet. 

Tablet J. a. 11. The seven specimens on this tablet are 
the proximal ends of ulnae. No. 1 is the proximal end of a 
right ulna figured by Seeley, pi. ii. fig. 8 {loc. cit.), as the 
proximal end of radius. It is much smaller, but similar to 
Ornithodesmus latidens, with the central transverse ridge on 
the articular surface not so highly developed. This ridge 
and the margins of the bone on the postaxial side are worn 
away. The strong longitudinal ridge on the centre of the 
ventral surface of the shaft is also destroyed, but its base is 
well seen. A pneumatic foramen occurs, covered by a 
small daub of matrix, near the articular surface, ventral side, 
as in Ornithodesmus latidens, 

Nos. 2, 3, 4, 5, 6 all have the median vertical ridge on the 
anterior surface of the shaft. All are close to no. 1, and thus 
near to Ornithodesmus, but the ridges, processes, and articular 
characters are either in an incipient or degraded state. 
No. 5 has lost the median area of the articulation in such a 
manner that it appears at first sight to be a basin-shaped 
depression, whereas a closer examination proves that it is 
due to wear. The paeumatic foramen is not seen in nos. 2-6, 
for the same reason. 

No. 7, the proximal end of the right ulna, figured by 
Seeley, pi, ii. fig. 7 (loc. cit.), is remarkably different from 
the other six examples on this tablet. The only articular 
surface preserved is on the preaxial side. It is slightly 
convex and looks anteriorly. The dorsal surface and post- 
axial border are destroyed. There is no pneumatic foramen 
on the portion preserved. The great peculiarity of this 
specimen is on the ventral surface, where the bone is concave, 
with an elongated and deep pit (no foramen) for the biceps 
tendon near the postaxial border. This is well seen in the 
figure. The other pits observed are not natural, but the 
borings of some organism. 

Distal end. 

Tablet J. a. 10, 1-10. There are eleven examples on this 
tablet, the eleventh probably added since ' Ornithosauria ' 
was published. They are the distal ends of ulnae, and not 

radii.'' Nos. 1, 2, and 9 are similar in character, no. 2 is 
the best specimen and figured by Seeley, pi. iii. fig. 1 (/oc. 
cit.). On the major portion of the dorsal surface, towards 
the preaxial side, there is the flattened surface, against which 
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the radius rested^ bordered postaxiallv by the longitudinal 
ridge. The ventral surface is strongly convex. On the 
articulation there is clearly visible^ although filled with 
matrix, the circular pit near the preaxial border^ for the 
hemispherical knob of the proximal carpal^ and at the post- 
axial edge on the ventral surface are seen the remains of the 
facet for articulation with the produced border of the carpal. 
Distally no. 2 is very much inflated. 

J. a. 10, 3 : the distal end of left ulna. The surface for 
the radius is more concave and the ridge more developed 
than in no. 1. The dorsal surface becomes flatter proxi- 
mally^ while in nos. 1, 2, and 9 it is gently convex. The 
distal extremity of this example differs considerably from 
no. 1 ; instead of being strongly inflated^ both dorsal and 
ventral surfaces are flat, converging and forming an angle 
on the preaxial border. Nos. 4, 7, 8, and 11 are examples of 
this type. J. a. 10, 6, the distal end of left ulna, has a very 
inflated convex ventral surface, continued to the articulation. 
The longitudinal ridge is moderately developed. The dorsal 
articular surface for the radius is slightly concave. The 
preaxial side of the articulation is not as inflated as no. 1 
nor as compressed and angular as no. 3. Nos. 5 and 10 are 
examples of this type. 

No pneumatic foramina are to be found on any of these 
specimens. 

Conclusions as to the Extremities of Ulna (see pp. 552-553). 

By a comparison of the articulatory surfaces of J. a, 11, 
1, 2, 3, 4, 5, and 6, it is quite possible that they belong to 
species with the same type of the distal end of humerus as 
nos. 21 and 32 on tablet J. a. 6, and therefore of Group A. 
Granting that the proximal ends, J. a. 9, 2, 3, 4, 5, and 6, 
Group B, have lost no epiphysis, and are as they were in 
life, we consider them to belong to the same reptiles, 
possessing the type of humerus exemplified in the distal end 
of humerus J. a. 6, 20, Group B, and thus, if our conclusions 
are correct, to Omit host oma. 

The only distal ends of humeri that J. a. 9, 1, Group C, 
could in any way articulate with are those of the Group C, 
of which the humerus J. a, 6, 30 is the type. The proximal 
end of the ulna J. a. 11, 7 must for the present remain an 
isolated bone, necessitating the formation of Group D, of 
which it is the only example. 

There is no evidence available to enable the apportionment 
of any of the distal ends to either of the geaera formed by 
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the premaxillae. Group A certainly approaches Omitho- 
desmus latidensy but differs considerably in the great inflation 
of the ventral surface, the depth of the preaxial border, the 
lack of any drawing in of its distal termination into a 
tubercle, and no prolongation of the dorsal surface of the 
bone over the preaxial border as a wing. The longitudinal 
ridge on the dorsal surface is not as highly developed. The 
ventral surface of Ornithodeamus latidens is deeply concave, 
especially towards the postaxial border, before the rise of the 
bone for the articular facet, where, in the Cambridge specimen, 
the convexity is the greatest, and the articular facet on the 
postaxial side is more oblique. 

The Carpals, 

It is impossible to assign any of these bones to any given 
genus, but tw^o which have been figured by Seeley in ' Orni- 
thosauria^ are sufficiently close to Omiihodesmtis latidens to 
favour an assumption that they belong to a genus with the 
humerus of the type of Group A. These bones are J, 6. 1, 
no. 7, pi. V. fig. 3, a proximal belonging to the right carpus, 
and J. A. 3, 24;, pi. v. tig. 7, to the right distal carpal. 

The Wing Metacarpal. 

As with the other bones, only fragments of the wing 
metacarpal occur, and therefore comparisons with other 
genera from the length cannot be made. The best-preserved 
proximal end is J. b, 5, 3, figured by Seeley (pi. vi. figs. 2 
& 3). It appears to belong to an entirely different family 
from Orniihodesmus, 

Several specimens possess the facet, below the main 
proximal articulation, for the bending of the wing ; but 
they are not as developed or directed outwards in as great 
a degree as in Orniihodesmus latidens. 

The Sternum. 

The anterior projecting process is the only part of the 
sternum preserved. It was directed well forward, down- 
ward, and oblique to the sternal plate, and not vertical as in 
Orniihodesmus latidens. They are all close to Ornithosioma 
(Fteranodon) and Nyctosaurus, but they cannot be appor- 
tioned either to the dentigerous or edentulous forms of the 
Cambridge Greensand for certainty. 
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Os innominaium. 

Examples of the ossa innomiaata are arranged on tablet 
J. b. 10, and numbered 1-9. In those specimens^ where the 
acetabulum is preserved^ it is imperforate, and the surrounding i 
bones anchylosed and apparently near to Omithostma \ 
i^Pteranodon) ingens, where the bones are conjoined and the ! 
acetabulum shallow and imperforate. 

Femur. 

There is only one perfect specimen of the femur, the other 
examples are fragments. They may be divided into two 
groups : — 

(1) Neck and head oblique to the shaft. Great trochanter 

weak. Shaft straight and large. Example: 
i.e. 2,11, 20. 

(2) Neck and head very oblique. Great trochanter i 

robust. Shaft straight and small. Example: | 
J. b. 11, 1. I 

Both are illustrated in ' Omithosauria,* pi. viii. figs. 5, 6, 
7, and 8. In neither group are the head and neck as 
terminal as in Ornithodesmus laiidens. The shaft is not 
curved as much as in the American forms ; otherwise the 
description by Professor Williston * of the femur of Ornitho- 
stoma (^Pteranodon) ingens is near to Group 1 and also to 
Nyctosaurus [Nyctodactylus) f. To which genus the speci- 
mens included iu Group 2 belong must remain an open 
question. 

In concluding our examination of the Cambridge Green- 
sand material in the Cambridge Museum, Cambridge, we find 
that the jaws divide into five genera — ifrnithocheirus, Lon- 
chodecteSy Amblydecies, Criorhynchus, and Orniihostoma. 

On the evidence of the premaxillae Ornithodesmus is 
entirely separated from either genera of the Cambridge 
Greensand, but the fragments of the humeri and ulnae of 
Group A must undoubtedly be incorporated into the same 
family, and there is nothing to prove that the liumeri and 
ulnae included in Group A should be assigned to reptiles 
possessing premaxillae typical of one of the five genera. 
Neither can any of the other bones of the axial skeleton be 

• S. W. Williston, Kansas Univ. Quart. 1893-4, ii. p. 80. 

t Id. Field Ool. Mus. Pub. 78, geo. ser. 1903, vol. ii. no. 3, p. 160. 
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apportioned to any particular genus^ except those which, by 
comparison with the American forms, belong to Ornitho- 
stoma. 

The other groups must remain isolated until some further 
discovery determines their relationship. 

Classification. 

Family OrnithocheiridsB. 

Subfamily Obnitrocseibinjb, 

Genera Ornithocheirus (Seeley). 

LONCHODECTES. 

Subfamily Cbiorbtnchinje. 

Genera Criorhynchus (Owen). 
Amblydectes. 

Family Ornithostomatidae. 

Genus Ornithostoma (Seeley). 
(Pteranodoriy Marsh.) 

In conclusion, I would like to bear witness to the magnifi- 
cent work of Seeley in the determination and interpretation 
of such fragmentary material. It must have been a most 
difBcult task. I also desire to thank Professor T. McKenny 
Hughes for his courtesy and kindness in lending me the 
type-specimens for study. 

EXPLANATION OF PLATE XXII. 

Ftff, 1. Left lateral view of Cambridge specimen J. c. 9. O., orbit ; 

Su.OC.CR.y supra-occipital crest; OC, occiput. X about J. 
Fig. 2. Occiput of same specimen above the foramen magnum. 

foramen magnum ; /?.^./., post-temporal fossae. X about \, 
Fig, 3. Posterior view of skull of same specimen. Su.OCCJt.f section of 

supra-occipital crest ; OC, occiput, x about 
Fig, 4. Left lateral view of the tip of the upper jaw of Criorhynchus. 

simus (after Owen). Nat. size. 
Fig, 6. Left lateral view of a portion of the upper jaw of Colohorhynchua 

clavirostris (after Owen ), The dotted lines indicate the amount 

of the upper jaw worn away by attrition. Nat. size. 
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Ok the Integument of Iguanodon bernissabtensis^ Boulengeb, 

AND OF MOROSAURUS BECKLESII^ MaNTELL. 

By Beginald Walter Hooley, F.G.S. 

(PLATE X.) 

Integument of Iguanodon bernissartensis, 

rilHE Iffuanodon has been known since 1825, when the genus was 
X first described from teeth by Mantel!.* Odd bones and various 
associated portions of the skeleton have been found in England, and 
in 1878 the jskeletons of many individuals were discovered in the 
'Wealden of Bernissart, near Mons, Belgium. 

No trace of the dermal covering has hith^to been observed. Owen ' 
in 1885, when describing the bones of a " young Iguanodon " from 
the Wealden of the Isle of Wight, mentions that some portions of 
a layer of dark finely granulated carbonaceous matter were found 
embedded between the ribs, near the middle of the side of the trunk 
which he queried as the integument of Iguanodon, but these remains 
were proved later to belong to Sypsilophodon. 

In 1914 I obtained from the Wealden Shales of Brighstone Bay, 
Isle of Wight, nearly the entire skeleton of a young individual of 
Iguanodon bernissarUnsis, with the exception of the greater part of 
the tail. 

In July last, while clearing away the matrix from the preace tabular 
extremity of the left ilium, a portion of the epidermis (Fig. 1) was 
exposed. It covers an area 90 mm. long by 40 mm. wide. The impression 
of the integument is also discernible on another block 78 mm. long by 
67 mm. wide, found in close proximity to the other. Fragments of 
skin were also discovered underlying two of the left thoracic ribs. 
On these latter specimens carbonaceous matter is to be seen. No 
flcutes or dermal ossifications were found. The skin is remarkably 
thin, and covered with small convex tubercles varying in diameter 
from 5 mm. to 3 mm. On the largest specimen there is an area, 
8 mm. by 7 mm., where the tubercles are slightly larger and flatter, 
and 65 mm. distant occurs another patch with the same measurement, 
where the tubercles coalesce in such a manner that the tuberculation 
is almost invisible. The tubercles on the edge of the skin at the top 

1 G. Mantell, Phil. Trans., 1825, p. 184. 

' B. Owen, Mon. Foss. Bept. Weald. Form., pt. 11, 1855, p. 51. 
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.of Fig. 1 are also decidedly larger and flatter than the others. One 
plate-like tubercle, 10 mm. in diameter, occurs on the smaller 
portion of the skin from the same inguinal region. It appears 
therefore probable that on those parts of the body exposed to the sun 
large fiat tubercles would be found as in 2Vaehodim anneeteru,^ and it 
is erident that the ground plan" of the epidermis is essentially 
similar, consisting of small, rounded tubercles, although in Iguanodon 
they are not so rounded or apical. Professor Osbom ^ thought that 
the iguanodon ts from the Lower Cretaceous of Europe would probably 
be distinct in their ^* epidermal corering *' from the trachodonts of the 
Upper Cretaceous of America, and it is interesting to find that at 
least they are alike in ground plan. 

IhTBGUMSNT op MoBOSAUBUS BECKLESlIf MAJrTKLL = Jf] BBETIS, OwEK. 

An impression of the epidermis of this reptile (Fig. 2) is well 
displayed on a block of rock remoTcd from the hollow between the 
radial crest and the inner border of the left humerus. This humerus, 
with the radius and uloa, was found in the Wealden beds of 
Hastings by S. H. Beckles in 1852. These specimens (No. R. 1870) 
are now in the British Museum. They were referred to by Mantel! 
in a lecture given by him at the Koyal Institution in that year. 
The report' of the lecture records that "A portion of the scaly 
cuirass which covered the limbs and is composed of hexagonal plates 
was exhibited The integument was also noticed by Marsh,' when 
examining this fossil while still in the possession of its discoverer. 
He remarks that he found attached to the humerus portions of the 
osseous dermal coTering, the first detected in the Sauropoday and 
known only in the present specimen". It has not been further 
described, but by kind faTonr of Dr. A. Smith Woodward I am now 
privileged to give the details. 

The side of the matrix upon which the epidermal markings are 
shown is convex, well seen in Fig. 2, but this feature is entirely due 
to the concavity of the particular area of the humerus upon which it 
lay and not to the natural rotundity of the limb. There was no 
intervening matrix between the skin impression and the bone, 
therefore unless this portion of the integument was turned inside out 
after the decomposition of the muscles and before the matrix was 
deposited upon it, the under surface of the epidermis is exhibited. 
The only fact that supports the improbable theory of the reversal of 
the integument is that there is an apparent ornamentation of very 
small rounded tubercles displayed on some of the plates. The 
smallest plates, especially at the upper end of the specimen, are 
covered with them. It does not appear that they are due to 
oxidization subsequent to the removal of the block from the humerus. 
I have observed a somewhat similar result from chemical action after 
exposure to the atmosphere on matrix which at first had a smooth 
surface. However, it is more probable that they are papilliform 

^ H. Osbom, Mem. Amer. Mas. Nat. Hist., N.S., vol. i, pt. ii (Jane, 1912), 
pp. 46, 47. 

2 Proc. Roy. Inst., vol. i, p. 34, 1852. 

» O. C. Marsh, Geol. Mao. [3], pp. 205, 206, 1889. 
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protuberances of the epidermis into the dermis and that we are 
looking upon the inner surface of the former. 

There is no sign of ossification, although Marsh ^ speaks *^ of the 
osseous dermal covering The extent of the epidermal impression is 
210 mm. long by 200 mm. wide. It consists of hexagonal plates, 
convex and boss-like, which on their outer surface were probably 
flat. A group comprising eight of the largest plates covers an area 
95 mm. long by 68 mm. wide. The central plate of this group has 
a diameter of 26 mm. The plates surrounding this cluster gradually 
decrease in size, until they are only 9 mm. in diameter. The plates 
do not overlap. The integument of Morosaurtu heehlem. was 
tuberculate and the lessening in dimensions of the tubercles towards 
the axillary surface of the arra, where they probably became smaller 
and rounded, is after the manner of Trachodon and Jguanodan, 

EXPLANATION OF PLATE X. 

Fig. 1. — Lnpression of a portion of the epidermis from the left ilium of 
Iguanodon bemissartensis obtained by the author from the Wealden 
Shales of Brighstone Bay, Isle of Wight, in 1914. 
2. — Impression of a portion of the epidermis of Morosaurus becklesii, 
Mantell, found by Mr. S. H. Beckles in 1852 in the Wealden 
beds of Hastings, now in the British Museum (No. B. 1870). 

^ O. C. Marsh, op. clt., p. 206. 
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